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PREFACE TO THE SECOND EDITION. 

Ih the preparation of the new edition of this book an attempt hae 
been made to bring the information up to date by inoUiding the 
raauite of recent reeearoh and invention, white at the name time 
retaining ti^e featuree of the flnt edition. 

Since the pubiioation of tlie firet edition an immenae MDOiint of 
purely ecientitio reeearoh work has been carried out wtiioh it beyond 
the Mope of the preeeiit volume. Forlnnalvly, however, therw ia 
the teea reaaon to liicltide an account of tide work inuemuoh aa tbc 
purely loientiflo aspect of the eubject haa bintn ably dealt with in 
Qulllver’a MrtatUe AUof/$ and Doaoh'a 

The neoeaalty for a now edition appeant to justify the author'a 
belief that there is soma demand for a book which deala with Uis 
praotloal side of eoienti&o r ese ar oh, and which endeavonn to Itnna , 
late the reeuite of suoh r i s e ar oh and render them inhdligible to 
the practical man. 

The author ia again indebted to many frienda (nr vainable 
asslstanoe. For many of thi> tibiHlratinna im lin» lo ihnnk Meeer« 
?<eiiie, Reichert, Tbe tlorKsn (iruciblc Co , The iaindon Kmery 
Worka, Alldays A OnUiiw, and tbe President and Omni^il of the 
Iron and Steel Instiiute. fsuitly, ha wlehea to Uuutk thoae 
friendly sritice who have made enginMtiona tor the ImproTeimm 
of toe book. Suoh sitggiwUooa have been adopted wherevnr it 
was posdUe to do so without altieing the tosinsetw and oosfs 
(•( tin TiriaiM. 

£. r. L 

MASrHSatSS, JUitnh 1014, 
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PREFACE TO THE FIRST EDITION. 


It b now nwirly «ev«ri ywiim nine* the Into HIr Wllliiwtn C. Ilubom- 
Auntan Mk«d tJbo mithor of Uiia troalino (who wh at thnt tiino hla 
Mifaitont) to bdp him In tbo pmiMmUon of « hook on AHoyo. 
Unfortuoktoly thiit wcnrk «m novor ooinploiod» for bofora Hi bod 
iidvnniHid bojrond tho proUninMr; tho IIInMO froa odriob 
Sir WilHiun bail iHMm ■uHbriiiK torminatod fntailjr, ami tba mIobm 
of matallurKy l(Mt ita nioni briltiniit And mi it ia Unit, 

to the rrtrri't of all hia Miininini, ihcni ia no ooni|irohmialve traatiae 
on the aiihjtwt of allojfa by the innii who mada it a lifalong atudy, 
aod yrho did ntwe thim auy other to rafaw it to Uia ImfiortaBt 
poaitjon wbiob It oooufdaa at tba piwaant Uroa. It wao »k Ant 
iiopad that the work might ha ooiii|tli«tad, but the aaalli^ bmHmW 
waainaulBdantaiid toodiaeonnactad tobaaidtaMaiortin ptitp ooa a 
ofatatt*book,andtb8proJaethadtoboaliMidaBad.. SabadqooBbiji 
^^t t^i^t ro^|ttaot od tita ^pnliHi^^kar^^ ^^ho ■nthor undertook to wrfta a 
boidi OB Altofi to in tba la ibahr MataHurgiml Hertoa 

During tha laat few yuan an ononaousanouBtof w o a a f o b work 
hail Ih'kh oarriiMl nut with tha objaat of datamlnlug tba natnn 
ami titiynimt ]ir«tH>rlii« <>r ntl.iyn, ihkI nnmh ealimbli' infomatkn 
hiM bean aouuiuuUtoii. Tliu in(<>iniirt.i»ii, whinh daala niaiidy 
with tha aimpla allnya of iwu im uln, ta ncaltrml throughout 
tba Bumaroua perimitmin and publtiaUwia In wbiab tba origlttal 
OOmnunioalitHU have a|i|ieai’nl, ami it|i Ui tlm iirporiit no attOBipt 
baa baao nuulo to eollaot tha (nota or to apply itieiu to tba onn 
ooajj^ oonmaTOlal alloya. 

Monovar. much of tha work la of a purely aoiantiAe Maanh gad 
wrlttaB In a atyla which ia hardly oaleiihitied lo g||nat IV SbMb 
whoara not In olow toneh with raeant adanBaii.iB::|ipiii^^^ 

Iba atanufaeturar, for oiBHWflb ba loaMy a aow ta d far 



PREFACE TO THE FIRST KDITrON. 


yiu 


to plunge Into the intdoftoiee of eolid eoliitiotui, hj 
eujteotios, soUdna ourm, end phaaen. In thb Yotume, thor^ 
an attempt has been made, drat, to suinmariee the existing { 
M ou\ knowledge of mixed metab, paying s[ieoiat atUiiitici 
4))e general prinoiplos and eeaential facts while omitting 
unimportant details; and sooondly, to apply that knowlmlg 
the industrial alloys in everyday use. An attempt has also | 
made to present the subject in such a itianner that it wi| 
Mdligible not only to the student hut also to the manufaoti 
|nd tihe engineer, for whom, indeed, the volume b priiiu 


. Inhe complete freMing-point curves and the photo inicnigri 
We been nutde a speobi feature of the book, and it b Imped I 
Wy ’^ill prove useful. The freesiiig- point ourves have l| 
entirely replotted to one unifoRn soaie, eo that they are stri 
Qoit^piarahl^ whUe W iW^ographs, wiUi one or two exeepti 
^ from san^ o( ocwuMrobJ atbys and imt from ■« 
made in the bboratory. It wiU abo be iiuUeed that 
ibifnifloations employed axe in moat oaeae 100 and iOOO diaine 
bapeotively. Experieaoe \m ^wn that tbeea iiuigniHcMt{ 
U)M aR that b neoeesaxy la W great iWority of eaaea, hut 
important point b that W nagptiOoaacm should always be 
^ so that the mind any ewdly Wl inabnotively oom(iara 
grain, oonstituenta, fkm, eto. The importeaoe of thi 
appwobted, and it «o«ld be «eU if auUmn wo 
poebbb, to certain staudanl inagniflcations. 
he oolour photogr^ibs reptoduoed in the frontbpieee, lliiwti 
heat tinting of alloys, wen taW by tiMaatlMMr on I.umj 

* "* «• W praotl 

, i 

hit gimtitudo tn mtuj fflmdii 
bo^ more mpi^UDy to Hr H* Ijiigtirwiiii of iht 
Pwioiit of tilt 

ww titvt kindly iitppiitdl bint witli mimptei ■ 
Mr A* J* Willitijii, who tint titfiiiliiiil 
aJiloyt, and Umm Cari Ztiit mid W. i 

supply w illustrations of photoMal«w«mpbb appaiatj 
!: S/' *utlior b indebted for mta uJ 

} and kind help in reading and oettesiyng the pra^ 




PKEFAOE TO THB FIRST BDITION. Il 

Lastlj, the author thankfully aoknowledgw h!i great indebted* 
DM8 to his friend the late Mr Bennett H. Brough, whoee teohnieai 
and literary ekill and largo experienoe were ever available in all 
matten in whioh ooudhoI waa aought. In the preoa of hia own 
exooptionally biuy life ha alwaya found time to belp^ and ungrudg- 
ingly gave of hia wide knowledge. Thia goneroue aaeiatatioe 
and unfailing klndnoaa will over remain the pleaaantMt meinwy 
oonneoted with the preparntiun of thIa vuiiiino. 

EDWARD F. LAW. 

Jammy 1906 . 
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68, Oopiier fimhoi oontalnlDf Oil tmui Ux^gvit. n 100, 
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ALLOYS. 


ORAPTSB L 

ixmmowm. 


Tbbbi hM htm dHtewei «f •* to ^ arig toBf ^ 

word idtoy, but Moordluf to Eobwrto- Atwtoii H ta doriwd ftwn ^ 
Utis word aOigo (ad tigo), "to bind to," wid iwftiw to tbw «i»to« 
or Wadtof togethw of tho motola ooMUluUng tb* tHoy. 

Vtm, tbo owrltMt timai *lloyt »«• |wodtt«id ootodo^ly by 
tb« •toBltoaootM wdaoUoa of mlator* of wtoidUo 
u Utito 4m^ Ibtolho tart nwtoto to bo Jlf2~ 

wwi tibi ffiiteiMi latlilii &bA laiift ffim§ 

•quolly oMloto toot tbiio ottomplo to aUef tfci piilir iii^toli ii 
worod! > faottdaloBi dawwolto, ood ownttoi oito ti|^ ^ ^ 

^«d»g * tofiol wWflb bo tobotttotoi fcf Ai loito totoot 

<»wlitattitay td^iaoto smom of dotooltoii U I* tapoortWo to 
mj, but thoy rtoolfwi thoir tait olMeb wboo AtoUtoodao ooto 
ooirrd tbo brilllotit Idoo ihot oil lonlloi wtow liwttOIOld lo rtOlOf 
muit d * Tpi“* tbolr own *ol«»»o ”f wotor litwopoollfo of Aolf 
Md Ibto thoir woigbto in wotor would bo Iom than tboto 
waybllfitita by too w^hl of too wotor touo dl op l ooo d 1 n» 
toto lo OffBod toot if gold woro (Uloyod with owoOwf iiMrtol llo 
mrnmm ■m*'* bo dotoetod by dotominini too dIopiaooaMWi to 
wotor, fu^ too atoqr d bh dolootton of too oddltoM of m mm§ 
to toi gdd wood in nutohm too htog'o ofowo !■ too wdl taow* •» 



AUiom 


(Ml wrf •» ordii»wrlly tued i» Um 

hsa^fgt^ l^diw • dtjpTMbktion or towwing of imlua. Th«i| 
finq^s^niui of ••aa»a<q^ PIomhm* wid “oaiUloiod luj 
i»d Hi* doAoitiloft (A tbo word in iom* 4ieUonftri(« fai «1 

%a«ft ^ llkt BMtidliiifiBt, bomm, Ibt word moi^ 

a vety diflbml mautiBg. tutd th* o)g«o« ha idtM M in alU^ 
metala b to ptoduoaa now matal «hoM pr«){ieHi«s ab*ti ba aniMM 
to tboMof tlM matalsof vbiob il ia ooiB|M3aed. 
ftobabljr lha Btoal aaUstootoiy daHniUm ol an alioijr bi di 
daaecibaa II aa **1 nixtnra of two w mora matallia aq 
dMM wbbit, 9ilm tadllnf » doa* «ol aatiarala into two dhdfaij 
Bal oommar^ aatarpriaa tiimm to ba bound ] 
ppi^lioait and ao wa tad ocmmiareial aliojw «hiob m aood 
'is at^to into layaai if (^aehd t>raeautioiM ara itot (akaa 
leratoBlIbam ddagao} aiuiaa tba objaot of tbU vuiuma ia to di 
Ifib |ba idtegra «a muat {wrferea flnd a dafinM 

fbr tUa pwrpnm, thoti. wa will (kd 
(I^ml atataHie waM (woduaad bjr tlia inUma 
^^pi^ii^i|a* % fudtn or otoarwfaia. of two or mora mrti 
%i^iijio KabidiMaa.* ll^da additimi of too Wonia "mabi 
'^p^oaa* da daS&ldw saagp ba mada to iitattnio thoaa atlojra 
^ of ]^)i|illtoa>«0|K^ vbleb am mil/ aiki.va ot * met 
a da&a^ OtoBpoiHdl (a^ aa t^oa|ibida of ooppar) wbo 
oa and ji^mj^ftke aMjf ba la^utd^ aa matalUa. 

tuoa of da atody of taatallie alloya ia avidenfe wb 
d dbidi dqr an wntdojod and (ba oa 
ii^;.;it' :iialali fat tha para atata. Inm, 1 
|||l|^|l||,a tanMa atmt^gd of wtl|' IS to 
I iroB, wblab b tha pun 
ini^l^lleant aonpai 
•a an iroa alkqr. 
plidjdagMi lar a aombar' 
mid ia onlj^ a fraati 
iil-IppHd bnaii Oamao dv 
iip^-"-'Ooid and allm i 
:| i(i f^;ad ' aanditioo. Im 
-liMi la il aartya aatont 

hkmtm tmimti 

ernmelkmeiamm^^ ' ^ 
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INTRODUOTION. 


fr^paxKttoB ctf jUloyi.— In widittoa to the obTioua method, of 
melting together «ie «»ap«ai«t met«l% idh^ may be prepared 
io several other ways. Some of these are <oi ptundy tbeoreMoal 
interest while others have beeo, and are sMl!, used oommerolally. 
The methods of preparatloo may be r^puded as six in number: — 

(1) snblliBation or oondwMation of metalUo vapours. 

(2) Byoaaapressloa. 

(5) By diftiiloo. 

(4) By eleoteodepodtlon. 

(B) By the dmultaneoue redwotlon of two or more metals. 

(6) By dmple meltiug of Uie ootwUtuent metals. 

(1) SuhUxaatIma or O on de n sa tlo a of Vapour.— The formation 
of alloys by ooodeosation of metaUIo v^mur is rare, but such oases 
have been observed to ooour in fumaoe produots, and it is {wobable 
that oertain allo^ whidh era toand hi tlia native ati^ baiNt bomn 
formed in Uils way. By the ^eoinpoeitbn of mixtures of the <»,r> 
bonyls of iron and niokel, alloye of theee metals may be produced. 

Mioye may also be forniod Uy the action of the vapour of one 
metal optm womther. Thus ouppsr expceed to the action of sine 
vapour hi lapidty converted into brant. An example of the 
practical i^pj^ieeAkHi this property to commercial purpoees is 
to he focmd in ^ ao^aikd *‘dry galyanleing " prooeas known as 
Shetardisisg. In Ihfai [^noeas the tiso vapour aUp^ with i^e 
iron or tad focBM a perfectly adberont coaidag, 

(2) OOMgirtgiteiii— «ln 1879 showed iiiat If tnetab in a 

itihleeted to prsantre the partiolea unite to 
fom aiKm niMi m tihes^ ImH been melted, although tl>e 
aotnal rise In twepsrateni, dm to the Inereaee of preseure, is 
tncoosldemble. The presanra required to cauee partidiaB of metale 
to unite In this way depsnds upon the nature of the metal, b«%; 
tiie foUowiiqt Sgures liave Immii determined for several oi the 


tiiiid 

unites at 18 tons per aq. in. 
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JjitiMmj 
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ALLOYa 



Wiib in«NMbg tilt aattiJt etn bt ftwetd tiuN^ I 

iKsIt bit b«M ot tilt OMBprwtioo tiiwmbtr in tiit fonn ot 
£» lb tMM ot ktd tad tin tiM {ntiturM rtquind to t0Mt tiiii ^ 
b tad 47 tiaat pt» tq. in. itqpMtivtij. 

JE sow» iatiMd ot oom pr i whig timplt UHrttJlio powdtn, iii<rtiff |.j|i 
(d diilvtBt tttttit wt •ttbjttttd to tht mait irtnUnent it titonli 
b ponildt to |Hrod«ot tiloji, Mid Spring tbowtd Ibtt tUt ii 
tMllQt% Ibt out and thU trot tUajm wrt to formtd. Hint i 
nitltltt of btantb^ Ittd, ti»i Mid ondmium in tbo proporUtoKl 
Sputa oa^itetiroly^ivta ftMibit tliojr wbiob »t^ 
b^alMSfUtlutaoitNtbMi 134* lovor tbnn tht mritfcig i 
Jgb tiU aoMt fotiUt oi tht ooMtltuenUk tin, whieh 


il|btiotL~m diiRitiM of nttiilt will b« oontidtftd kt0 
h touft dottili tad 4 it oaly n t ot tuf y to pdnt mil hut tinl 
by tiai itiilbaioa of t^id mtula in oontaal 
■3 onliWMy tunptrnlwrt^ at tbowo b 


ttmimiif twouoMlk miu It k iKotihlo, undtr vm 
to tiMito tht two mtiiilii di^poaitod at tht aanj 
«#» trot tik^. It it only poaiiiMt to ^tain tial 
a taw tenUattioM of matahi, but thl 

ktuboomiiHnli^to dtiMtitbtau from tcdutimM tug 

Midtinttaa4tMialMtttim»«n|doytd h>r»l««tnN 
ff i^MKihii tt daatwi n ia piatt of paro 

Him tbt pwo u a prowntt aui^; 
la tht tau «f a btiitd aumhtr 

Tbli it ttw |^Mw| 
IImi miHiiiifrf wUdl< 

■lalt. fhiM biMf’ 

libA idlSO VHi-1 



INTRODUCTION. • 


of nwiftnio ooppw vhioh imiiMdl*toI|r f^lojrtd wMi Ik* n^nm^ 
lyittminituB. 

Altiiongb ssuay of th«N pw e — vn now o b n a lotn, • ntunter 
of »Uoji nr* tUU suuaufMturndi tbo irintillMMOM indw n t iw i «f 
two mtifrlit FitfiThTniiftgiftttii mi UMiiJMlMri 

in the bktt iwftum bjr the einmltniMotw rediMlioa of boo twi 
me a f eoeee one, while feiroHshrmne, fomniUieoa, tad Imo* 
phoi^onie on medie both la the Meet htmoee ead in Iho •leottie 
fanteoe ; aod lem-tihuniiuii, femHdttiaiiiittai, and mof* *— »f*— 
ftUojo (en^ ee terKHrittmliiittn eilhdde ead fenoonluioai elitiaido) 
»» lae^ ht the dhoMo furoeoe. 

An intereetiiig enunple of the retom lo oaeleol wnthnde in 
the i»odno«ioa of eli^ b to Im fowMl te tiM «M of iiiMil 
an alloj oondetiag •oMotfakni' of iddnt and toppwt trtdidi hi 
leigely need In ijBMioe end is idHalaod hjr amdliiw ‘-firHiif 
the floiMd idelMl end ot^ppwr oree ee they ooour In the mineo ei 
Copper cuff, Ontario. By thk nteens It bee been ftMiml |«Mi4l4i> 
toprodnoe an elloy poeeeeeiiig vetuebie phyirieei ptwiwrUee duwi 
'from toe mo witihont loetirNim the etpeme of tun “tpiniHini 
end relh^ the BMtale end tbeo alloyii^ Uma to 
proportieoi. 

Ao^kor Method of pradaetaf idhqM hy etmiiltamoii lodMlIn 

to whloh e^ MlMMMt noto bo flMdo li Mm* ooMMiMlp hMm 

M the fik dd w hta l dt or th o wri t piaeloi, irtM dipiiidi oa (Imi 

iWl l Ph '- Wlto Hi y Mte.jbde It. 
MaMM"^^:iho.o^^' of iMOffiiKer motel'tio ocMwi^ hwvtM 
the metate in e ftne etate. The to e ot io a leey ho rrrnneourt 
time » »~ 


SOuO + 3AI - SOu 4 Ai,0, 


Tin hotA'fOodttfled by the nwotlon te eo yrwl thee if ihe oe^b to 
mwofy nrfwd with pw»«let«d elttmlnln* end ta • 

toe i^u^Wi oftan tehee pleoe with e«til«e»* vMmm* end • 
toiHfc^ttatobe edoiitadof eootaoittne iheioiMttoo. fhe^ 

“ --1,* h ri^M 41^ 

»Wiii »• 

ttn IM Ita ail m.W-i 






mado by mixing Hlumitiinm wiih nn vimh riHindW( 

oxide, such as barium in" sodium ainl (hm tioap h 

inserted a short pioco of iirngnosium wiro uv oMr.hto, Tho iguitior 
of the magnesium wire is Hutliimuit tHufru? nhn in tlu 

ignition powder, which is thou 4 >*isifuunbi;tiv 4 tu fb*» misciure iti 
the onioible. When the rotmfum jh faidy started f lie roumimlct 
of the oxide to be reduced, mixed with tha iv*|uiMif*4 aumunt ol 
aluminium, is slowly ehargoil iuf*» ihv* If thi?i i,i carried 

out properly the reduced metal will ‘ rf fli-i to the i+tifffiut of ihg 
crucible under a layer of slag e^eeri. tiug <4 fimed alunuim. Tim 
method is of inueh serviee in piepariitf# aliMva, m u^auy of the 
oxides of the rare inefals ari^ readily iv'due^ d hy Hluudiuum; 
but it is often dilhe.ult ie itduaiu the mefah^ ftvr ir-^m n eeftnia 
amount of iiiumuiiuue Um ihe Mth. i hand, the tnet.d t autj idlev# 
obtained by this priieens are cut indy e,u h *h, which f«r 

many purptiscm is a very imjtmiauf cmu 5 h i^t iwM *1 hr af 
formation given ill the foUMwiio.:' luhle u:|| ;j: Is iidatm 

roducibility of the oxides, tmi a ^ m ;wa id^e ly 

boat evolvutl during the ivaeie^n. 11, ^. tu the *4 ih 
roduetion of ni»’kel oxide 

dNHi I i! U d^ii « ;U 

wo have the heat of format am id M.a. /i:U 

leas the heat uf fornmlion of n pro^ d : s Me ndmdiiai 

( 61 * 5 x 3 ^ 4 Hd‘ 5 )» leaving eahi s* t no . * n r -m teat 

been employed in the welding fd ft am loili lod ene^rgeiin 

repairs of all Hortsof fraelurii^), a-i the *. .>.7,1 hu 

out wherever rq^uired mid c|uiki indej 

of furnaces. 


H»a.t oiJ* axsimn 


Magnesium (MgO) * 
Oftloium (OttU) 
Strontium (SrO) . 


Aluminium 

Barium (BttO). 
Sodium (NttnO) 
PotaBaiumlK^O) , 




lif^M 

m 7 
vs ^ ,, 
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SiHwni ■ 


► 00*0 t'attin(‘}i* 

Hor<i)i 

, 

. 00*0 ,, 

Miui^’hiimi" (Mil**) • 

< 

. 00 ’0 „ 

Ziud (ZiiO) . 

. 

I Hiss „ 

Tm (:'!'*'•») . . 



• 70*0 „ 

Carlmium (i.MO) 

. 

, \m\ „ 



, OfrO „ 

Tnuh’ittwi ^ j 


. m.-7- „ 

(’iiliiill (Cut)) . 


fi4T. „ 

Nii^i'KNiin . 


It I ’ft „ 

. . / » »i ) ,< y, 

Anfinnaiy ^ ^ 


WfO „ 



fi’M „ 


« . < 

, ftD'H „ 

I'.ihMtUilt ^ 


4(1’4 „ 



Ct’H ., 






I't) „ 

« 



nui’iimt * 


• .. 

(H fH) 


{.S'l „ 

t*iitm|4}4Hl«H 1 ^ j 


. '.•!)) .> 

Hilinmi (*'^’‘'*) 


. tm-ti ,. 

Sul|)hur^ I . 


. ai'ii „ 


(r») Mrltiiift Hi** OiHifitit n**ut All ih** wf*U kmnvnallojH, 

.Miirh HH bj‘nnv.f», <tr riii:ni : iU'«‘r, amt utluu’ whiU* 

tiiMtal ullnVMj, ».'mM ami i uilMVf j ar*’ ina«l«' t>Y iiu'ltilif!? 

th»» v*h!*‘it ar<' 1<** *ria*. UM^U4II^ IH 

iMsnrIv al\\ Hva iu »*niril‘lr' i ; l«nl iu :t fmv rar^fvi* wht^rt^ 

Ht rU«' lr\rrla iun»at!ra ftn* 

FutiiH«a H 'i h> ** , vjiu h am t*a|*ahl** 

<lf *1 iusi'-: m* ? :si» aMMaiuI lafril, ilia 

Ilf 4’Miil giui it*< Mjtl m h» if4^ atmatuUllg t<» Abaut 

Ito Jtri' i’mtt. mC IW l iiarjjJtH, Tbt« m infipHl 
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into Iadl«i| which «« tnkcn bjr (iverhiwid oranea to tbo wctlsg 
floor. 1%o foilowlng charge i^eot of » ? -ton furimoe, malting 
Ho. 1 Mmimltjr gun-tsotot, l« given hy Primroae, uid wilt wm 
M m tnun}^ of niy«rlMrM.torjr ineiUng {inwUoc 


OnuMit Sbrit cmt 7-ton RuvanuRHATony {^knaok. 





INTRODUCTION. 


100 lbs. of metal and wiiioh are drawn from the fnniaw by orane 
or pulley blocks, the furnaoo top should be level with Uio itiKir ; 
but for oruoibles taking less than 100 lbs. and whioh are with- 
drawn by hand, the furnaae top should be about 10 ins. above 
the floor level, bo that by plaeiug uno font against the fumaoe 
the mcltor oan stoady hitnsulf and uho his strength to groitter 
advantage. The consumption at ooko in natuml draught, ooke- 
flrod furnaocB is about 20 to 26 Him. per 100 ilm. of hmss melted. 

Instead of iisiug a nuinhor of c<mtp«iriitivn}y atnall ernoibles, it 
is often desirable to employ one large orueible : and to avuitl Ute 
di£Soulty and danger of handling large orucihleM full of niulten 
metal the oruoible is fixed in the 
furnaoo, which is so oonatruotad 
that it oan be tilted and the 
metal poured into a preheated 
ladle or direct into the moulds. 

Forced draught is employi'il, 
the air, at a pressure of 1 J to 
2 ins. of water, being supphwl 
by moans of a motor blower or 
fan. One of the best known Ilf 'V * ,r 

these fumaoee ie the Motgsn - 

tilting fumaoe shown In fig. t. I'm, l.— Muigio^Coks eisdTWdsit 
Tbia furnace is constructed on ”****' 

the regenerative prinolpte, the inonrning adr and wait* giuM« pasaing 
through pipse arnuoged omoentrlflaily in eueh a way that the atr 
taraveli In a epintl direction round Uie flue and beoomes heated 
before enteHng the funtaite. A preheater ie illl«d to tlw funtaoe, 
and by means of a hniDile and raiu can tat easily rsked and esnu^ 
free from the fumaoe before skuMining atul |Hiiiirinf. A epwMI 
featnre of i&le fumaoe is the tilting devloe, whmh is no arranged 
that iiiM axhi npoo which the furtmoe i« idled is tmaMsiMlw^ tmkm 
the qtout of the oruoible, eo that liie p<»irmg ]siint i« Mstsiaiit 
Other types are made with portable bodim wbtob can l>« recaitved 
to aoy pnrt of Uie foundry by meant of an overhead erane 

The oonettmption of fuel in tbneo fumaoM te very mtMdi tower 
tten Is tite old fixed ty|*e, and at Mw earne liUne klie ttfii of Use 
oraeihke h veiy materialiy lengtheiMHf. I» li iidhgiwi'.Hiif'Hiisi 
•Mtiif in eruifiblee axnounte to ehoitl M ptr eestL, mai the en^eir 
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in fuel at least 10 to 15 per cent. In a series of trials the average 
life of a crucible when melting brass was found to be forty-six 
heats j and when used for ordinary foundry purposes, melting 
gim-metal) phosphor bronze, etc., the average life of a crucible of 
400 lb. fflze was found to be close on forty heats. 



I, Alldaya’ Qas-fired Crucible Furnace. 

pn^ figures have been given by Hughes as showing :; 
«||cruoible tilting furnace in a railway foundry, f 
^^^i^::J)urham coke containing 9*36 per cent, of-i; 

types of furnace may be fired by off| 
fuel depending upon the conditions Qi| 
^ shows a stationar/l 
rSj Alldays and Onions, and fig. 3 if| 
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tating furnaoe by the eame firm euiteWo for giw or oil. Fig. 4 
is another type of oU-fi»d tlUmg furimce by the Moigwi CtuolWe 
Oo. Another type of oil-fired fuimoo, which resenihlM m r«ve^ 
beratory furnaoe oo a sroall aoaia mther than a ontoiblo furaaoe, 
is the OharUer rolling furnace shown in figs, fl and 6. It hi 
oylindrioal in form, and is mouiitod on two oani iron statufatdi 



' •; ' V A—Alldsys' Tlittag furaae* hr Oil nf Om. 


ft ‘****”‘^' P«r|iwie the ftinunw may 

* fogged itael yoke. A blaat of 14 to 18 ina. 
the cotwttniption of oil for gmienU foundry 

oQ It mdlly obtataablo, it fai vwy laigidf 
heed, bnt in tldi aonotiy the low prfaM of ooke haa bltfwirto 
prevented any seHone ooapetltlon by oQ in apit* of ita many 
^rontagM, However, noent liB|»nTai»«ita In the dmign of the 


, - ~ WWW wrwww! luwwfpet Wjee weew 

L«!:%*'W,^^OT^^.liwai*ail ibafo afletem^, and ill itumj 
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oases they are taltin)i( the place of coko Rrctl furnaron. FIc, ' 
shows a twin-oliamber<Ml - 

stationaiy furnace in which I 

the waste heat from one I 

chamber is lod into a seotnid I 

ohamber and utilised for J ^ 

preheating the socoml ♦ 1 

charge of metal. Fig, P » ii'' ! ■ 

shows the Hiioss lilting ‘ ’ 

furnace, in whiolj the oniu- g§ \ • 

pressed air is lod into tlie ft ^ 

baseofthofurnaeoBOthatit U *''*^?-^***'^^ 

beooniBH heated and at tint Mm rrlll ; 

same time tomls to ooid tho ^ 

bottom of tlie fiirnaoo wlmrc *' ~ ‘‘•“‘fei fwtmcm. 

excessive boating and doBtrnetion of ii,„ li„i„g twmi w.ii.w„i,|y 



’ y 


f m. .1 


fm, ft,- Cliiriiti r 




«««». Tb» hwtwi air i« Omb |M««d tiuwi^ llMett atHuaUrr 


14 ALLOYS. 

and renders the oil more fluid, thus preventing trouWee due to the 
clogging of the burner. The saving in labour whoti using oil- 
fired fumaoes is oonsiderable, aa the oniting of fuel and removal of 
ashes is dispensed with, and no stoking of the fnrniico v»hlle in 
operation or removal of olinker, eta, after tlwday '# run ia ueoosaaiy. 

/\ -- 



fieihag fnrasM for UfUaf by tbsa 


^oUl. 9U<flred fumoes the ease with wbioh the 
he regulated is a great advaalufe, and Ute 
|i4d tire enmt of the breaUBg of a wudble is 
^^^.illMKflally in tbs msltiag of the mm ourtala 
on t]^ natars of the nioUd; to bt malted. 
ottheUef a^ong nMoy ndtem of alumlnitun 
oihffi^ fiattwoea it b diffiealt to pment eeriovui mddsr 
tioh of the metal, ind piestiae gtt ts now bdteg fa»g«iy wmJ fat 
foundriesitt tt H ofadmad that by its i»e oxidation 




INTIU^DlJCrnON, 


Ifi 


troubloa aro rodtiood to a miuiriiuui. On tho titlior !mmi| tharu 
is lifctlo doubt that in tho molting of gold and ailvor thu hwoii*^ 
duo to volatilisation aro grmtor in furtiaom than In Uttmo 

using eako, Thoso oxamplos ar« numly qnnUnl in order to ahnur 
that many factors amm into phiy in Mm molting of the dilfot^nt 



Fftf. 7# ' fw«$t it Mi* U$'m\ 

metafSi synd theea faoioiiN noi'*!! Iw^ . 4 na Ojufj ytif n 

fuel CUitebie for the {mrtnmfor tnrui ..i hm 

themMidSaotimiof high gr^y au i «.» ^ u h Wt* mhl I 
WldttaQl in ptiUti of ^10111# thill Ic,# Ijnp 

under the Impreielfiiii that ell ihiJif tr«wihi dieep|iiei4r ll 

Ifeay hid m elei^rfo fortmo# eulubk for hmm ll mug 

he el intmety tiiend^ore^ In diMMeMribo hrkMg IhMi tjrpw ft iiMrti 
iwsMo* BOW in BM, »mi i« 00Mi4tr t||t Itow viMi 4m^ 
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meats are likely to prooeed, and the pmipeotH nf auoctm of 
eleotrio fornaoe for the melting of nun fermu* metola and alluyt 



. ^ preeeot tine a. 

« 4«*«u av. to .k. b. 
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Tti +1ie first of these, of -which 
further divided into 9 ^he most familiar example, 

theStaBsanof.^0^“ thf furnace at a sUght iuolination 
three carbon electro es radiation 





' F», 8.-Seotion of Stossano Elootrio ffnmace. 

^ j ,i«wnwards. The heat is intense, but 
aad wUoh are direote „ rotated in order to mix the 

locai* and the furnace is ^ jg ^ot certain whether 

'‘f 

4 . 1 .P' 1 abilitv to fracture of the uorwo 2 
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Booond type of arc furnace, of wliioli the !»«t knt.wn ri'prwiPutaMw 
is tke Heroult fumaoe (ihown in ««. 10), the clootrodei 

are arranged vertically and at aomo distanoo iijinrl, ko that the 
arc is formed between the anrfaoa of the hath and tli« elootrode, 
the current paeeing through that part of »ho Iwth lying be- 
tween tho electrodes. Owing to tlwir aiw* ninl vorliml iKwiiiMi, 
bWagea aie less liable to occur, and the rloelr»«l«a thomselvei 
afford some protection to the roof from tho int«nwo iicmt of Uie 



' The oitaximum baating eiiot ia <»i tho mirfacie of the 
meM) and thta Is the ideal condition for a refining (timaoe in 
Jhftr (^leration depends u|)on ohemioai nwotioM 

belfween the ilag and tho metal. For esample, in 
bt which the ebjeot aimed at ie the removal 
nM^l^’i^ltl^isiMheat of the eleetrio wro enahlM a high^ 
fte much ae 60 per oeat. of Hme to be 
the wlfihnr In the steel with 
ttie formation # oalaiom ndphld*. Per tb* dtnple melMng of 
mefais, however, whew iwriw t» mied, the ioeal heating of the 
ftoJoa feiaaedapi. 
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In the third type of furnace, represented by the Girod furnace 
(fig, 11), the current enters the furnace by vertical carbon 
electrodes ; but instead of leaving by similar electrodes as in the 
case of the Heroult furnace, it passes through the molten "metal 
and leaves the furnace through water-cooled iron electrodes 
embedded in the bottom of the furnace. 

The arc has been described as a necessary evil of the electrode 




Fia, 11.-— Section of Girod Bleotrio Fi^rnace, 

type of furnace, and this is to some extent true, inasmuch as the 
heat is applied locally, and therefore at a very much higher 
temperature than is required. The aim of tho designers of the 
more recent types of furnaces has therefore been to minimise the 
excessive heating of the arc and to apply a part of the heat to 
liiermetal by some other means. The Girod furnace, by redxioing 
the number of surface arcs, was the first step in this direction, 
and the Nathusius furnace is the latest. This is oirdular in form, 
%as Ihree carbon electrodes suspended vertically in ^the 
fei^;aee, aud three bottom electrodes of mild steel embedded in 
Iht^&earth* Both top and bottom electrodes are arranged in the 
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form of A triangle, wrf the UPF*" •*«*« •“ w««igwl that Ougr 

oaa he drawn up when the fumaae ia procautioH wbish 

oonalderably diminlehee the number of hrcwhiiKea, The oumct 
employed le a thm-phaee alteniating, of wjy mivetiiwit frequwioy, 
and is supplied to the furnaoo through a atop ilown nil traarformer 
which reduces the TOltaga of the malua lo Uiat of the funiaoe. 
Different eyetenui of oonneotion a» employed!, which need not be 
desoribed in detidl ; but in Mwh oaae the current la oaitaed to flow 
not only between one upper eloolrode and another, or hetweK 




lS.—Oonnaeii«M la Vitiieiiwi 


Rleetrie f^reaea 


one bott(»n deoteode and inoUitr, but alw between the uf^ 
and -bobtoin eleotrodca. One •ysSiMn of oonneotion la ahown ha 
|| ta. Not onify is the bath hei^ by the arcai oo the aiurhoe,' 
of the onrrent through it, but aiao by the 
bottom of the (uraaoe due to Uae peaaege 
tbs bottom eleetrodee. 
bowenr, tiie keel beaUog of the ere is 
l eese ned , and at tha espeoae of aimpllcd^ 
b^ln sad la daoMeai equipment, 

MaoUoa fmataoefl^* eoU of oopper wire tbmagh whieb 
M ^texpiitlng (mneat k paarihig is flaoed in poritioa near a 

ft, a enmnt to '’iaduoad* to 
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the second coil. The loss of. power is small, and the respective 
currents may be varied at will, as they are inversely proportional 
to the number of turns in the windings. This is the principle of 
the transformer, by means of which it is possible to transform 
currents of low woltage to high voltage and vice verm. It is 
obvious that the secondary coil may consist of any ring of metal, 
and if such a ring is contained in an annular crucible or hearth, 
and the resistance of the current induced in it is sufficient to 
raise the temperature to the melting-point of the metal, then the 
transformer becomes an induction furnace. 

From the electrical point of view the induction furnace is very 
much more efficient than the arc furnace, but from the metal- 
lurgical point of view it suffers from serious disadvantages quite 
apart from its high initial cost. In the first place, the annular 
shape of the crucible is far from ideal, especially where refining 
operations have to be carried out depending upon reactions 
between metal and slag. In the second place, the furnace can 
never be completely emptied. A cold charge does not form a 
sufficiently good conductor for the secondary current, and it is 
therefore necessary to leave a portion of the preceding charge in 
the furnace. This means that it is impossible to use the furnace 
for rrielting alloys of varying composition. In order to minimise 
the first of these disadvantages, the Rdohling-Rodenhauser furnace 
has been built with two or three annular crucibles, instead of one 
as in, the case of the Kjellin and Frick furnaces, which meet in 
the centre of the furnacft, forming an open space in which the 
necessary operations can be carried out. The furnace is shown 
in section and plan in figs. 13 and 14. 

Prom the foregoing brief description of the electric furnaces in 
use at the present time, it will be seen that furnaces of the arc 
type are essentially refining furnaces, in which the heat is com- 
municated to the metal through a layer of slag. While this may 
be an ideal condition for such operations as the refining of steel, 
it is of no service in the melting of alloys, for which purpose 
the intense local heating of the arc is totally unfitted. On the 
. qther hand, the features of the induction furnace which have 
militated against its adoption in the manufacture of steel are of 
little or no importance in the melting of alloys, and it is to this 
type of furnace, or some modification of it in which the heat 
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is dovoloiJOfl in Urn rnotal itHolf by roHintanea to an oloctrio 
ourront, that tluj tnauufactiiror of alloys must look for the 
suooesstul olootrio molting furmmo* 

It cati, in faot, bo olaimod that tho induction furnace is already 
being usoil for tho mnltiug, if not for tho nmunfaoturo, of alloys j 
for in some of tho Cuutinoutal sttod works it is being employed 
for melting ferrontungiumm*, as it is Mtated that oonsiderablo 
oconomioH nm bo ollbutiMi by tho addition of ferro-inauganoso in 
the melton Mtato to the batli of stt^el Whether this is so or not, 
the fact that an alloy ho readily t^xidisable us forro-manganoso can 
be maintained in a inoltmi tumdition for any length of thno is 
auflioient proof of it« iwlaptability to the melting of alloys* But 
most alloys pussess n higher eonduotivity for olootricity than 
forro-manganese, and ihw in porhapH tho weakest part of tho 
iuduotiou furnaoe. In order to mult alloys wHioh offer little 
reaiatauee t*> the paisstH^e of oleetrieity, very largo eurrents umst 
be employed to raise the Uunpiuaturo Hulhuimitly iu molt thorn. 

An ingenious furuaro has btnm dosiguotl by Dr C^arl Horing, in 
whioh ha utilism mw of tho phunonioiui olmervud in tim induction 
furnaoe, ami known an the piuoh utVoct.*'^ 

Whan art eliNstrm current flows tlmmgh a molten oondnetor the 
oleotromagimtla forum coming into play imuKo it to oontraot in 
orosiHieoticin, and if one jsirt of the eunduotor ia already smaller 
In cross mndiort than f4ut rmt (a itoiiditicm whioh frequently oconrs 
in an induction funmou, dm to the mpairitig of the orucibla), and 
currents of large ampetage am being employed, the tiout.rac.titui 
nstumlly takes plaoe at this point and may luiul to an ac,ttud 
rupture of Uw* «3<»rtdnutnr and iniurrnpt ion of the current, ^rius 
oontracthm of h<pud cundmiurs is tho ithtnitnttcimn ktumn as the 
^^pinch offect>** As iong the ciustuctor is not actually broken 
pinoh etfeot insy bn ui dts«<«t to idicci rit cidation of the moiah 

The contraction of the uondnidMi cuMHCs the metal in Ihc oontre 
to fleW| and| as the mmdimtitr ts imw stmilh^r than the mmfaiidng 
yesseli fresl» metal flows in to tilt up the ttuncu ttm tnotinn 

takes place in one dlreoiton ut tho ciiutm of the conductur, atid in 
the opposite direclitui mi Uic oiitsidin s« shown by tho arrows In 
fig, 18, I» the Horuig furtiaco wsier*ooaied eleotmdei am 
mbedded in the furimt^s and ooiitieotlcin la inalfiteiiied with tiie 
main mass of tmdal tii ilie arnolblo by means of two narrow 
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obftao6lsSlitdwi6btih»awuyiU)]»»iiielt«l. tliaiii UiOMohMMuii 
tliAli tho heat ia fanamtad Mod from thorn tho huum of mMad io 
the (Hmdida b kofft in notimi. Fig. id ohowo dk^runmatio^ 
the main feaiarea of (Iw Haring fumaoo, in thw otm adapud 
bottom pouring. Owing to the amalt oaotlnim) arm of the ehaonele 
the mttai in Uhem ia rmiiUjp heated without the um of 
oorrenta. Moreover, aa noon aa the metal in the otiaRneia ia meltod 
the pinoh eShot oauMa Ute hot inelai to be nquirted into tha 
eraoible uad ita ptaoa taken by oooiw metai, ao that eompiate elnai' 
ktUm and wtifcm haating of tiie inetat in Ut« eniajhle ia etunred. 



Flo. i6.'>..t}inii|atim by ;• Ftn^ gio, le ttering kitriHM. 



I too wrly to apaak with any aaauranoa aa to the praotiaal 
h*»4h oartahalj i^fipeara to aombitia tha 
1 am and indm^ltm humaeaa adthoiit Uiair dk 
k ao «M8Mdve loeal bearing aa in the oaaa irf 
theato turoaea, the heet being generated in the metai lleelf aa in 
todttofcton furnaoa. CJuUka the Induotion furmwa, 
l^^rmer doaa not form a perl ot the fumaoe, 
bOaide to damage fay hot motel, etc,, but ia 
II, Vaitber, tba metal oaa be melted out ^ 
limBgoe gaaaa, eo that oxidarion rironblea abould 



of tba fumaoe hi idmple naS 
Pi» Maotfodea bMng of metai am 
M fa the mm of earbon aleotrodaa, 
k*m in rite eoate of ew fumaoei. 
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Working t<ulin luw^ himI it in almtiu^ti timt ID kw« iionri 

are rcKjuirml to molt I cwt. of hrniiMj or, talking ilio mmt of uiiri^iit 
at id* por kw.»hour, M. por imL 
In the of hIIo^h uh u largo armle it ta mi atwaya 

easy to prmltioo a mist turn of uniform nouijHmitimi ovou with 
careful atirriugf amt in praotim* it ta ofitut aMfiaiiino^it cio«iimbli»i if 
not HOooKHaryi rtt molt ilm alloy a s«t*ooMil time, Tim thiBouiiy 
to grottteet wftim tb« timUla ti» \h% alloyini Imvis dilTumnl 

melting poi»ta» Hn»t i« «tiU furthor iuorraH^I if tmo iif llio luetidM 

to volatile. In onior t«i rotltmo ihin dniioMliy to » miiiituttm the 
pure metato ant nut nmltotl Uig»?ilior, but proviuuaty tmAn albfn, 
whoee oomfHmitiou to known, nro ueod to make the Him! alloy 
For oxamploi in the nmn of Uernmrt silver, whtoli to oomptamti of 
copper, ntokel, atul aino, the %im iiialiii at 418” and lti§ otokel at 
U37*, 9 >m\ It to evident that if %\m three meUto mpm pboed in a 
oniolble fwid r»to«s<l Ui the inni?p»iMtry teiujferaiun? iiM^t of Urn idne 
would be tout by volatilt^lion l»kifi»roa um^^rm a!h»y mm «di{a$it«N| 
To overoome thto diilirulty l*rro*an »ilv*^r *« i*wto by iu*Uusg 
bopther m altoy of and mokwl, uaually mmtmmng. IHt 

per oent of eaob and bmaa. Tim rop|mMtirkat alloy haa 

a lower melting {mini than pure iiirskol, whito ilia bmai huia m 
higher melting {Hiliit than aine, and the melting fadnli Mag 
tt^ui miu^ nearly abka the timUto arw more iwUly alloyed and 
the loei of aino by vutoiittoaiiiiii to very maieetoJIy redimed. 
ijie^er dlffieuiiy met with Iti fnalUng melala toi form alloy# i# 
tile UabUity of the metaje to heemn# ntidtoed, and thto #nbjr«?i 
of iueh !mp«irtatioe that It deearvua ecuiin li 

WiU known tImt mnm inetato are oapabln of aleanbuig, diaeulvuig, 
or iUi^lng wlUi of Umir oikltNi with moal 

hymffoue reeulbi, but Cht^ b« ba^lumr of nmlat# lowafdi their 
mMei tool more eomuvm m- nfrintHio ibau »» ijf^'imrally •u|»{ikm«.| 
The tnfataioeof nxUfo an » iiMdl^n nmlal nmy U» rr.«idi1y hf 
qumitiiy o m « <ftus.uu- 

ioy piwfiantiomi fo prnv«*iil oti.kikm- Thr. no-ul wrdl W hmml 
to be modmalitoy flukii bul d # »mall «|uas^iuy o| }ihcja|il>af Ciu»|»{ww 
to now aUed In the muUen noHal the Inj^imee In Ih# Ataldliy irf 
the loelid to rMarkabt«»« and imnm^ tod] m toe nelMk itor WMMI 
ttee tfah toeimm in the SnWly ^ m ietotol Wii Ml piM# 
imliiwMl in lie pranitoel i^iflioellemii and when idnminfom 





WM fint used im a fur aiMfl It ««» 

stoted th« ofliKit of tho oliuiiiiitiini wm to lower 
meltlng-poiot of the eteel. Meoititreiiioitle of the nmltiiiK-pt^t^ 
however, proved tluit there mm m Kiinh i»«i>rlitK, hot Rienij 
ea inoreiute ia the fliiiciitjr, whieh mm ntiulo inorv n(i|wront 
the heat prodtioMi by the of the otyKim with the 


alumioluBi. 

In Older to proveut oiiilation an fnr lu the iiietAli m 

melted in graphite onn^hltw and oovennl with n Inyvr of n hn tww fi i 
rests, or otiber ourbotiaoeotw material, fit muho oaeiia iKMtaa h 
need as a eoYtring, aa it melta Muiily nnd fortiw a protetrtim 
ht^er, while at the eante Uimm it oombinria with any uieteBlo 
preeent and keeps the moiten tneul (dean. The alh^ li 
sitoed with a oarhon atirrer, or in aome tmaea with a green pide^ 
Idle gMei evolved fraiu the wiaal serving to rvdiiee any osfdli 
freSMO^' Is spite of Idieec preeautiuna, hnwever, oiidw an 
&e^Pil(d% formed wh^ are not lediieed by mrlmn, and dw 
then preeeote itaelf of deoxldiaing the tnetal. In order 
to e(flhotoally free a molten metal or alloy from osida, it is nsoenaty 
^t the deosidieer itMd ebail have a atrunger afllnily for oxygen 
than the metal to be deoxidised : and, seenmily, that any exoesi 
of the deoxidiew over that tiocieeeary to oomplMipiy remove tin 
mdde iball have no bjitrioua ^t upon the metal itaoir. ,A 
number of deoxidieen are now nutntifaotured, and the 
(p. 37} ^vea thoee moat oomincmly used, together 
1 fw whi^ ttgqr are omI suitable and the form in 
, ^, |,«B|doyad. 

is sow being used as a deoxidiser for copper In Uie 
m of oopper oestings for eleotrioal wurk. Unlike the 
OW^ asoriofeetsi boron dose not alloy with (topper, eo tlmt the 
“ Of a :l®iht exoeii dosa not impair tha eleotrioal oon- 
w. 

, only be used to free the metiU from the on* 
tyces plecw even during the moet oaraful 
if**® ^ rsfMded as as iiiAiUible iwnedy for 
5i esWatioo oan be partially 

tNNMautioiM bidng 
, Bioaeaive oxida^ 

and eoaeaqiiiMit ovartieaUng of the 
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motal, or by ovoroharKing tli« orijoiblo, is often incompletely 
reinedicsd by tho jultiitioii of daoxiciiaom. 


Alloy, 

liotOduliHiir. 

tlwnti in fortu of 

Iron ttlloyM , 

Mutism omi 

t«Vrr« • itmngiinoMO and 


SiHoon » 

Korro xiHooii »iid alHoid^a, 

ft »» * ' 


ailioldo. 

It ti * ‘ 

AUtmitiitim 

Aluiiiitiiiiitt iind f«mi« 

II n • * 

iduudtHum ullltildo. 


TituniiUM 

K<»rr»» lilaiiimii. 

II u * * 

VinmilniiM 

FttmMvaiiAtiiuni* 

II M 

hionxtt 

j 

' <iiin|K»r and 
i4n» 


Abimifilum . . ' 

Alnyitiniuttu 

If • ^ 

If * * 

HiUmin . 

i Cti|»r»Kiiill«N»t}, 

II MUX 


ISliitOt 

Uii}j<mmA»i|itnai», 

If ^ * 


aeniwin ilWor . 

ItfiiKutiiilum . 

ur «u{iro>niag- 

t» 

ikiolnm « 

almuiuinm allu;),*. 



i'ndifiitMfi* 

Aiuwliiimti 



f# «• * 

rhMi>]4iiit«ru« 

Uti, 




, 


foiuing and Oanting. H hmi long lanm bnowti Utat tibs 
temperaturii at wliieli metal)* nmi alUiyM aro {lourtKi haa wa 
important tiiRiuaitoo on thoir inKohattivai pnip»rliM, and lb« ommA 
■uitable aaatlng tetit{wmttti« for any piteatotilar alloy hat baas 
dotenninad onkirely by pmoUiwI «xpariini«Ma Tbani ia a lack 
of deflnito infornMlbn on tJta aubjml, but l^ngtntilr in ro*i{H>iii(ibl« 
for aomo intariMiUng obaervatiofia and axporintonte wltiub titiacrva 
attautiiant lla Ibe eaua of a niniitM’r of mat trun teat pioooa 
(»at from a fi bm liolle ilnriitg nu loixrvai of flftiwn minntaa. 
I^nmavama taata on bam U to* l>* 1 in »u aii|i{N)rla 3 ft, 

apMt varlad from Ui U* 35 * » i 

Aoi^ar aeriea of «x|wrimoMf« im m a1l»y, writiMw oom> 

poaitton ia iwA glvon, bIiowmI « totiai!)' atwngtb vaivittg fmit 
13*5 to 8d'3 tona fwr •>{. in., ami tHtrrmipoiKliiig olungatiuna 
mylng from 5*0 to 518 {wr oanl. tm a ianglh n( 6 ina. Two 
axamidat ara atao t|uutad of oaMUoiia whidb faitod to tnaat tha 
raqnirad t^Moation, but whon bitikam up and ra-nidtadt 
any furUtn* atldlUun of matal, attd oaak lA a pesptr tawpaaatiNM, 
gava parfootly aatiafaotory ramlta. 
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Longmuir hwt tnado a jhuhIw of exjiorimeMtal oaatiiig# with 
varioua ftlloya, atid tho liguivH in tho for«*g<iing tahio aliow his 
rosulta. 'I'ho Rgtin'H oxjtlidu tluMiiwtlvoa, and it is only noooBisary 
to add that tho quantity of alloy moitod woo in every oaso over 
60 lbs. in weight. 'I’hrw ham wcro east at a high temperature, 
end the metal allowed to cool in tho oruoihlo for a few minutes. 
A second sot of throu l«.iw wiw timn owt, followed after an intervad 
by a third set of tlirne, those last being oast at a temperature at 
whioh the metal wuuici just How. 

If the alloy is oast at hxt high a temperature it poeaeeies the 
coarse etruoture oharaotoristio of a slowly cooled metal ; whereas 
if it is pourod at hxi tow a temperature, not only is there risk of 
the alloy beotiming {MrUaliy solid, or ^o less fusible ooniUtuents 
BO|iamting out, before {sniriug, but also it sotidlfiee immediately 
on coming in loulact with the m»Hdd, with tiie result that thare 
is a huk of coiuiMiou iu tho ingot. Moreover, on aeouunt of the 
deoresse in the fiuidity of the alloy at teiiqmmtui'eH only slightly 
above the meltiug-isiiiit, b is iiatde to emdoso acuiu, slag, or 
.(diarooal, whioh is tiualde lu Stmt to th« surfaee. 'I’he result is 
an uneound ingot wittoh amoks when roiled. 

The proper temperature of «Ns«ting wuuid appear to he suhh 
that the mould is entirely filled with molten inetal. whioh bi^tiw 
to lolidify ahinMt immedkteiy after the pouring is oomjdeted. 
Determinaiions of ths touting temperature of standard silver 
wrried tmt at Uie Itoyid Mint showed that the avmge tsmpSlature 
WM nearly tOO* above the initial fr e e s iag -pdiat of the idloy, or 
about 980% and this would eeen to be a suitable diS'ereuee in 
tsmpemture for allnys melting in the ni^hbourhood of 900*. 
In the ease of atluys with much tower meiting>polnte, whioh 
would eool more aloaty, the ditrerxiica list ween the melUng-pcdat 
and the easting temiwraiure lau with advantage be deoraased. 
Thus with aluminium atlnys such h« nmgiiidiitm, and alloys td 
Isad snd tbi, tbs easting (euiimralure sbnuld be only elightly 
higher than ths Initial freesing'paint. 

C&ossly oonneoted witii ths oaeting tempemture is the rate of 
ootiUag of the slby, a matM' of very great importaaee. Oenmndly 
•pesJtitig, eiow eooiing {Hoduesa a large grain, a eoarsc Mmtsliurs, 
•nd triatively weak atloya; while isfM aoeilBg glna 
itinioliut and a stomigw, bat sbom hrittia, aUoy. Tha rate ^ 
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cooling is to a great extent controlled by the temperature o 
moulds. These are frequently heated in order to preveii 
rapid coolings and in some cases it has been found thaj 
temperature of the moulds is of great importance in detern^ 
the quality of the alloy. An example of this occurs ii; 
casting of certain antifriction alloys, which will be consii 
later. 

Moulds. — Owing to the extended range of temperatures thi 
which different alloys melt, a variety of materials are avaj 
far making moulds. Iron, brass, sand, plaster of Paris, ^ 
number of other materials may be employed; but those - 
commonly used are iron and sand compositions. Alloys inte 
for rolling or drawing, such as steel, bronze, brass, German si 
magnalium, gold and silver alloys, etc., are oast in iron mol 
while those which are to be oast into objects of various shl 
inerely requiring to be finished by turning or filing, are oaj 


\ clron mpulds are made in two pieces, which are usually i 
together by clamps or by a ring and wedge device, intend^ 
facilitate the removal of the ingot. The interior of the u; 
is dther oiled, blaokleaded, or smoked before the alloy is pd 
in. The foregoing remarks do not apply to ingot moulds S 
in casting steel, which are of special form and do not receive 
oiling or other treatment previous to casting. They are ma| 
Ifematite iron in the form of truncated pyramids of; 
^ection, with just sufficient tapering to allow the lad 
removed from the solid ingot. The second pa| 
tKei.iOX^^.^ithi8 case, consists of a cast-iron bottom plate j 
which the moulds stand. : 

•The material used in making moulds for « sand castings’^! 
somewhat variable composition, but usually ooxx 
» 1 to 2 per cent, of iron oxide, and 
Where fine castings with a speci 
the surface of the mould is ‘^fai 
aud charcoal. 

w ;i’^arhi^hed er blaokleaded to ex 
.also be ma4* 
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corners or angles should be avoided, as far as possible, for a 
double reason. In the first place, such patterns are difficult to 
mould; and, in the second place, sharp angles give rise to a line 
of weakness in the casting which may result in fracture. This 
line of weakness is due to the fact that crystallisation takes 
place in a line at right angles to the face of the mould, and it 
follows that if two faces form a sharp angle the crystallisation 
starting from both faces will meet and produce a line of separation 
which bisects the angle. Prof, Turner states that a moderate, 
internal pressure will frequently force out the bottem of a 
cylinder in a single piece if it has been cast with sharp corners. 
For this reason rounded curves should be adopted wherever 


After-treatment of Alloys. — When an alloy leaves the ingot 
mould it is subjected to a number of operations, all of which affect 
its properties to a greater or less degree. These operations may 
be described as (1) mechanical treatment, such as rolling, drawing, 
spinning, etc, ; (2) thermal treatment, such as annealing, chilling, 
tempering, etc, ; and (3) chemical treatment, which rnay be 
merely a cleaning of the surface by pickling in acid or alkali, or an 
actual alteration in the composition and character of the surface 
of the alloy by pickling or by cementation. 

The influence of these operations will be considered separately. 

1, Influence of Mechanical Treatment. — All metals are more or 
less .oompresaible, and in the light of recent research it would 
appear that compressibility is a periodic property, and closely 
Opttpeoted with, if not proportional to^ the atomic volume. When 
subjected to mechanical treatment, such as rolling, hammerings 
pr drawing, metals and alloys undergo compression and their 
mecbanioal properties are altered. The metal becomes stronger, 
harder;, and more brittle, or, in other words, the tensile strength 
is4horeased and the elongation decreased. The practical applica- 
tifnief alleys hardened by mechanical treatment may be seen, to 
single e 3 ;ample, in the use of standard silver for the blades 
pf dessert knives, fish knives, etc. These are manufactured by 
JaSmraering, or, in the cheaper varieties, by bard rolling.” In 
iiie eas0, of alloys experimental data are wanting ; hut it has been 
shewn with pure metals that the greatpi? thp 
^inpre rapidly does it decrease with increasing pressure, and, 
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according to Lo Ohateller, tho tonrilo strength of metals hardened 
to their maximum extent is almost exeotly douhio their strength 
In their normal or softened onuditiou. ili» figures for five m^g 
are as follows t— 


Ustid. 

T4ittjnllt in Ton* jwr In, * . 

Minlmtim llttrdntNM* 

Mi^ximura Hardaew. 

‘ ! ! ! 
jUnminiott , 

15-87 

Mm 

7m 

ivm 

1*58 

82‘38 

55-00 

15*87 

84*13 

8*17 


As regards alloys It li probable that those oonsistlng of solid 
solutions 'wM(di, as wiU be seen later, have stniotures similar to 
*B«ti&snd ate the only alloys capable of receiving 
meobanlcal treataiant without being provioiwly heated, will 
bsBave in much the same way as pure metals. In some oases 
ate rolled while het^ and in others they are rolled cold. 
0<pd rolUi^; pioducoe a greater degree of hardniMs than hot rolling, 
and the madmom budnase la produced by oold drawing to form 
wire or rod. The oondidon of maximum hardness, however, is 
^ a stable one, and Le Ohateller hae shown that a metsl which 
attained a itats of msadmum hardness beoomes gradually 
ISate the ooutee of time. Thue wires of silver and copper 
^J^ure after drawing ahowed a decrease in strength 
.. . . *T®hs per square inoh from those tested Immediately 

omwing. It is evident that this change, which Le Chatalier 
^ hae y y deeorihsd as “spontaneous annealing,” ia of the utmost 
i venders tests made aa hardened metals of more 

Moreovair, Le Ohatelier’i w«a'k wae carried 
^.la which the effort of the metal to return 
, ^ osarely prodooed a softening } but in the 
elh^ the results are very much more 
||l»lng into ]^y are ao ooneiderable tibat in 
deftwmation and In many 
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2. Influence of Thermal Treatment. - After Iming subjooted to 
mechanical treatmout niotnls and allnj# aro usually too hard and 
brittle to be of uao, and it ie noonNwtry to softon them by reheating 
or amiealing. This oiwraUtm is nhually carried out either in 
closed funmoes of tint iiutHlo type or in rovcrberatory fumacoH 
(under reduoing ooiiditionH) whon tha tti»!o of the pieces to bo 
annealed does not porinit of tlm two of a miifflo furnace. Very 
small objects, such OM putoos tif sliuiditnl ailvcr to ho need for 
jewellery, are somotimoH annoaliHi liy wimply rmthig thorn on the 
hot coke in the open funitioo. Formorly tho oporiitioit of anneal- 
ing was carried out in tlio orudont mannor, but within rooent 
years the importimoo of the subject has boon imllsed, with tha 
result that annealing fiirniums have boon greatly improved, and 
it is now poaaiblo to carry oitt tho proowa with practically no 
surface oxidation or alteration of tho niotnt. 

Prom what has alroady boon said with roganl to “apontanooua 
annealing" it folIowB that thora la BO doliitilu U*mjmmtur« alHivo 
which a metal or alloy oan Iw softened by uinioaliiig. Thu change 
takes place gradually but eatremuly alnwly at normal tempera- 
tures ; moro rapiilly na the tomiwraluro riHu#, until a temperature 
is reached at whioli the ohango lakwi plmm alracwt Instantaneously. 
For praotioal piirposos, however, llioro is a tom{}oratui*o for every 
met^ and alloy below which annealing is iwpraotioable on aoeount 
of the length of time necossaty for it to roaoh Um required eon- 
adon. The annonling of braae at cUiTerent temperatunw has 
been thoroughly investigated by Chai|^, and hie reeults ar« dealt 
with In the chapter on braes. More reoently the anbjeot haa 
received the attention of Matweef anti Ktaie. The tatter hae dealt 
specially widi die aimraliug of coiurtgi* Hlluya, and haa determined 
&e tmuperatnrea at which sttficuiug to be jierooptible In 

tn^eblanka, tc^ethor with Uu- t.'inpcraturi Hm whiidt siifloninf 
boompleted in thirty minutes and in bw« than i.no luiuuix. Ilin 
reeuttsara given in the following tabic {p :(}). 

a metal is annsaled at too high « tom{»uratiira its 
^ptrtiei are injuriously afeetod, and It is then fmjuoiitly do- 
i^ed ae “bamt." This word ie somewhat looeiiiy eroptoyed lo 
wafbe 8*^ deteriomtioa of meohanloai |>ro|Mrtiee dot heastirts! 
3^ and as tuoh deterioration nu^ be due be eefeMd eaoeM 46 Ie 
to disdnguiab between them. * 

8 
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INTEODUOTION, 


35 


In the oase of brass excessive annealing is accompanied hj 
volatilisation of zinc. This in itself is not burning, but the subject 
is imperfectly understood and requires further investigation. 

Annealing is usually followed by slow cooling, but in some 
oases rapid cooling produces a softer metal. Examples of this 
are to be found, in the oase of pure metals, . with silver ; and 
in the oase of alloys, with magnalium (see Chap. XIII.). The 
alteration produced by annealing requires time, and takes place 
more rapidly as the temperature is raised. On the other hand, 
impurities render the process of annealing slower. 

The properties of some alloys are profoundly altered by chilling, 
quenching, or rapidly cooling from a high temperature. The 
object of such treatment is to fix or maintain, as far as possible, 
the structure possessed by the alloy at the temperature from 
which it is quenched, and it follows that the treatment is only 
applicable to alloys which undergo a transformation or molecular 
change on heating or cooling. It also follows that the ejffect 
produced by quenching will vary with different alloys. Steel, for 
example, is hardened by quenching ; whereas the same treatment 
applied to bronze renders the alloy softer and more malleable, the 
rapid cooling preventing or hindering the formation of a hard 
constituent, which is always formed in a slowly cooled sample. 
The temperature from which the alloy is quenched 'depends upon 
the temperature at which the molecular transformation takes 
place, and must, of course, be above that temperature. The 
tendency of metals which have been cold worked to revert to 
their original condition has already been referred to, and the same 
tendency is always present in metals whose properties have been 
affected by sudden cooling. They are in a more or less unstable 
condition, and it sometimes happens that changes do actually 
take place. Such changes are usually described as “ageing.” 
Examples of this are to be found in- many of the alloys of 
aluminium which are softened by quenching but gradually 
recover their hardness. 

The structure of an alloy can never be absolutely fixed by 
qi^ienching, for the simple reason that the quenching oan neveTnbe 
instantaneous and the effioienoy of the quenching dependiaf‘;pB;-;tj|^ 
sfee, or, more strictly speaking, on the weight* specific hieii^aniJ 
'ddndnotivity of the alloy t^ be quenched; and also on the tern- 
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that somo 8|HWMlimtiti»!4, itn*Juitiii« tluwo diniiatulwl l>v thu 
Adiriimity, nM}Mini lliat, (t-Hti sii.inld lui inmhi uj«(ii tho pioklod 
niDtal. Ih tin* |ii*fkliii« nf ihin siitiftH inUtmltKl ftir tin-plato 
tmiutiraatiirn, tin* in Htivinilh itml thmtilily of tlm motol 

is iiflttu liy tin* of lUixtorH oji tho wirfHoe • 

and in tin* jiutltliiv **1’ Imni nI.tI i..,i »-,>,ilHiniiiK' 0-8 jwr cant! 
of onrlmit lln* nti'Jnl i,.iiiin(inii"i itn' . ii» jiii.i cH vvln-it iiniiniraod in 
tin* m-iil. *rin- f.tilmunsf lu'iin-H Uy Itiikni- uml J,),nn illirntmta 
tin* falling i*ir in tin* .|tntlitv uf iikI hy i»inkliin{. Tho Hrat 

iM«n|»in wim pinkli il in a .'(M [u.,* hiil|.l,iuhi iinn) ImU, for ona 
hour, tin* woihkI nutn 11 |«*i- .< 1101 , Imth for fniiyllvo mimitt'o, 
and tin* thinl in n 1»» i«.i huth fur mm hmir ton Riiiuitoa, 

tha toHijipralmn of ihn l.ulh m ,>««« Iming 100*. 
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OW f » Mister ia soft tnatei, m irvetitr* in iuurti entlM, t| 
a Iriling-air ia Ib# mmstumicuki |trti|i«rttei. iial te 
teotpwnterM tbc aclioa is nttwriMd , f»*ullie troa H«w«ii«p ,n 
water vai|K>ttr| aad vba b^rt^n wi fwrtutid k nbls to pasa tliTfMi|li 
tea BMbU afiia. 

Tba aiteratimt ie ocmptMUm of mi »)iu)r tiuo to pbktii^[ tawk 
ate bi ovariotead. For in ibe of utaiMiiMnl teifW) 

wtiltei io tea fa iM wia of tea atlri-raiiiiiii miMnatad aaaite 

bigi and teMoing in awicl, tea wiijicr *• almnat atiUrol^ rtiwNwi 
btea tea aurftioa of tea allojr, i4Patviii|( a ('•mutiny of olioaia pna 
Mlfar> fai a {mint vhtab b«* u> ba coowkiorwii bji tite 
tai tekl^ an avaraga aiuapia of tea matai. h ebaiiga (d flash 
fMite>a ill tea stiffaan lajfar <d an aliojr majr ateo tia prodofltd tjf 
tea aaolMl {NNWMh te aaoKMatatewi. Tbia prooaaa, wblah is sMl 
Mfd te tet IsMdaalag te ataai, aonatefa in tianUag tea iteof, is 
All^lllilM^ a aalwteiiaa with wbiab it ia mfaibta of all^fte§ 
^ibA.jteX9aintnia Mow its malMoff poiot. Tbiia atari Is aapa 
iiM^hiariaoad If fs»kliig It in riwroaai. and malniabtegf ilil 
a U|^ teotpflmiiua far sodm tiitia. Tba ataai gnidnailj 

tea flateOQi wite tea nsult teat iba aurfaaa ia otnob btud# 
teMi tes fateHttet. IRm Sana tasuit is oblatnmi by bmiUag eoj^ 
alloys to teis diH% or avan to lioe vapoitr, whirb aJtoya wite tefl 
A risflltor oiteited Is swpkiy«<i in tea produatkw ri idte 

B IS RiaUsabla osal iim j to tlda aaaa tba raantl risflai ri 
ol a Btw ateiiMoit bat its aitraatem, aste tne 
ii-fHte imMo of iron, wbiab daaarburtaaa tba (ran nd 
■li|l:ttelMF and tosi bvitik 
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PROPEETIES OP ALLOYS. 

Density.— The density of an alloy is influenced (1) by the purity 
of the metals of which it is composed ; (2) the mechanical treat- 
ment it has undergone ; (3) the temperature at which it has been 
cast; and (4) the rate of cooling. These facts may to a great 
extent account for the disagreements shown in the work of Mallet, 
Calvert and Johnson, Matthiessen and Riche. Their work shows, 
however, that the density of an alloy is seldom the mean of the 
densities of its constituent metals, sometimes being greater and 
sometimes less than the mean. The mean density of an alloy 
may be calculated from the formula 

Dio + dW ' 

where M is the mean density, W and w the weights of the con- 
stituent metals, and D and d their respective densities. The 
following alloys have frequently been given as examples of oases 
in which the densities are respectively greater and less than the 
mean 

Alloys whose Density is less than Alloys whose Density is greater than 

the Mean of their Constituents. the Mean of their ConstitaentB. 
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Iloycook Bud Nnvill« Imva dmwtt attention to the alloy in the 
ailvor-*ino Bi-ritw coiTfHjiujiiiiit^jt to tho fortimla AgiSii, which is 
oa|)fthlo of luwiuoiiis? a ml colour when hoHtoii to about .HOO* and 
KudiUmly itliillud ; lufl it hiw hIho licou ahown that the oon-CBpond. 
iug cm liiiiuui alloy Agtjil low a cliatuuit and very beautiful pink 
colour. 

All i1h*«o bIIovk arc fonuutl by the union of doflnito atotnio 
projtortioiiH of ihuir l•>lusUlut•uIM., uiut luunt be regarded rather as 
ohoiuicid com|«<uiiil« lhau a*t Niiit|tlo inutaUio uiixtuim They aro 
perfectly lutmogi ueon*. liritlh* idloyM, bri-akiug with a oouohoidul 
fracture j properiicH wlooh reu>h>r thoiu prHclicaUy umoIchb to the 
art-niobd wtui^'r, *l‘licr« ure, howover, a largo utunher of useful, 
if IcNH brilllaully eoloonil, idloya for tho tuctal worker to ohooeo 
from, and an eseoiKod exanti'id may be found in the numerous 
gold nih*y« pu»|>!i*yi«l l»y jeweller* atul giihiNinith)i. Some of these, 
with thoir pnrccutago CMui|ciniiiou«, art* hIiowu in tho following 
table ; — 
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The fioloiired alluys (iwh) by the .1 atiaiKMia in their famous art- 
metid work have been tleiutrilieil by Hobette'Anstta aad otbwb 
but a brief doscriptifn of theiti may be of iatenek !nti ,|9|£ii|, 
kaprartaiit of tbree alloys are known M 
and botti of them are, within etrlniti JtoaiJ% fn 
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In connection with the use of coloured alloys in art-metal work 
a brief reference to the Japanese mokum6 (“wood grain”) and 
mnv^agasM may not be out of place. An effect closely resemb- 
ling the grain in wood is produced by taking thin sheets of various 
metals and alloys, such as gold, silver, shaku-do^ shibvrichi^ etc., 


soldering them to- 
gether, and then 
either cutting a 
device into thorn 
and hammering 
the whole until 
flat, or else ham- 
mering from be- 
hind and then fil- 
ing doAvn the pro- 



Fig, 17. —Japanese Art-Metal Work. 


mill ences. The methods are suflficiently well shown in the two illus- 
trations (figs. 17 and 18), Fig, 18 shows t^ effect of these banded 
alloys in a bead which is only three-quart^h inch in diameter. 

SpecifiQ^^atr-^^^i^mosb important 
determ i^l^tibns specific heats of 

he !!!'ikivided into ^two classes; 
havy^^]^sing-poinJ^|'nsiderably 


^ SpecinQ^^atr-^^^^^mosb important 

^ determ l^l^ilabns specific heats of 

alloys Mro pofa^jg^egnault in 1841. 

Por investigations 

he !!!'^ivided into two classes ; 

ti^e havyw^wsing-poi^J^^isiderably 
jpiove lAO^,, a^ thoj^Slising at or 
J^near l^l^O. jl£^h^i;^e of the first 
clasi^lly^a^iclill^ t^^%he specific heat 
0’' wa^^Ni^ddj^e .^^erty, and agreed 
f th^oalculated specific 

oh^ied by multiplying the 
V 4^^ifioSl^t of each constituent metal 
’ th^ Ij^Qi^ntage amount of the 

'»^^4netat*^co|^ued in the alloy and 
dividing^^^% sum of the products bv 



Fig. 18.-, 
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the relative hardness of a number of metals was determined as 
follows : — 

Msnganeso. . • 1466 Gold .... 979 

Oobi3t . . . 1460 yiLlumiiuiim . . 821 

Niokol . , .1410 Cadmiinn . . .760 

Iron . , , . 1376 Maguusiuni . . 726 

Oopjier , , . 1360 Tin .... 661 

Paladiiini . . . 1200 Lead . . . .670 

riatinum , . . 1107 Thallium . . .606 

Zino .... 1077 Oalciiiiu . . . 406 

Silver . . .990 Sodium . . . 400 

Iridium . . . 984 Potassium . . . 280 


In the solerometor, as devised by Prof. Tumor, a cutting 
method is also employed, but in this ease the hardness is measured 
by the pressure which must bo applied to a diamond point in 
order to produce a scratch equivalent to a standard soratoh on a 
standard metal surface. 

Brinell measures the hardness of metals by dc^toriniiiing the 
depth of the indentation produced by a hard ephoro of known 
dimensions under a definite pressure. This method is tlio one 
generally adopted in engineering pra(;tice. 

In an ingenious little instrument invoiitod by Shore, and known 
as the Bolerosoopo, the hardness of a metal is measured by tho 
height of rebound of a small hammer whioh is dropped from a 
known height through a graduated glass tube on to the surface 
of the meUl to be tested. 

It is obvious that the word hardness is nsed^ to describo 
liiffemt properties, and that the methods employed to dotermino 
the hardness of metals do not measure the same kind of hardness. 
Resistance to abrasion as measured by tho aoloromotcr is not 
neoesaarily the same thing as resistance to crushing as measured 
by th® Brinoll method ; nor do we know definitely the relation of 
of these to the resilience as nmasurod by tJio soleroscope. 
case, however, it may bo oousidcnKl as a goiiernl rule that 
J^ebardness of a metal as measured by any of tho above methorls 
fSiiMteased by the addition of another metal. 


Thermal Oonduotivity,-.^The power of alloys to oonduct beat 
has been examined by several experimenters ; but it was not until 


:ii§.P8 that the subject was thoroughly dealt with by (MfmA fpd 
lohnsOD, who made a large number of 

pure metals. The app«M^tus imployed 
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duotivity of alloys may be said to have begun with the publication, 
in 1860, of the results of Matthiessen’s famous research. With 
regard to the conducting power for electricity he divides the 
metals into two classes : — 

Gla^B A, — Those metals which, when alloyed with one another, 
conduct electricity in the ratio of their relative volumes. 

Glass B . — Those metals which, when alloyed with one of the 
metals belonging to Class A, or with one another, do not conduct 
electricity in the ratio of their relative volumes, but always in a 
lower degree than the mean of their volumes. To Class A belong 
lead, tin, zinc, and cadmium. To Class B belong bismuth, 
mercury, antimony, platinum, palladium, iron, aluminium, gold, 
copper, silver, and “in all probability most of the other metals.'^ 

Matthiessen showed that the electrical conductivity of any 
series of alloys composed of two simple metals may be repre- 
sented graphically by one or other of three typical curves which 
are respectively straight lines, L-shaped, or 
metals of Class A produce alloys whose conductivity is repre- 
sented by straight lines; those of Class A with Class B by 
L-shaped curves; and those of Class B with one another by 
(Jnshaped curves (see Chap. XVL). 

At the conclusion of a research which • Roborts-Austen has 
justly described as classical, Matthiessen considers the nature of ^ 
alloys and sums up his arguments i^ the following manner : — 

“ The question now arises, What are alloys ? Are they chemical 
combinations, or a solution of one metal in another, or mechanical 
mixtures ? And to what is the rapid decrement in the conducting 
power in many oases duel To the first of these questions I thinlc 
we may answer, that most alloys are merely a solution of one 
metal in the other; that only in a few cases may we assume 
chemical combination — for example, in some of the gold-tin and 
gold-lead alloys ; and we may regard as mechanical mixtures some 
of the silver-copper and bismuth-zinc alloys. The reasons for the 
foregoing assumptions are the following ; — 

- “1. That if we had to deal with chemical combinations we 
iilquld not find in the conducting power of alloys that regularity. 


curves which certainly exists; for on Ipo 
to the different classes we see at, a;' 

} of alloys has a curve of a distinct and se))arai 
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lor fcJm fimt, wo hooo nmrlv h utrwiitht liiip ; for iho Mootid, the 
0 (mdaoU^ power nlweye di'orreiwm ra|ii<lly on iho aid« of the 
{noted bdtoofcing to CUuw B, «n'l aJmaet Iti o 

etnUght Uno to tho eido of the no*ud I«>1 ohk«ii« to Ulwie A, For 
the third groupi wo find » rapid d<‘<*r«>iai'i>t im Imih aidm of the 
onrve, and the turning jatinl* by alninni « Htraight line. 

•' If wo now examine the jwrt nf tiie *>>irre whore the rapid deore- 
msnt takoe plaoo wo find that in the lead and tin alloya it g«{|e^ 
olljr roqtdreo twioo m mueh nf the former an it dom of the latter 
to codnoo Oi ntobal belonging to t’la»ii H l« a certain eonduotlog 
power; for Imtanooi to rednoe that of aitver to tl? it would reqitlre 
0*9 vol. pw oonfe. of lewtl, or aliout Oft v<»t, [Mir cent, of tin; to 
wtduoa It to 4T‘8 there would be riNpiin»*l I t ml. jair cent, rf 
ted, or obont 0*7 rot. per oent of tin. Again, to ttHluw Sdtmutb 
to 0*881 timro hi nKjnirod I 4 ml. jer cent, of l«ml, or 0-83 wl. 
fUgpf^ef ttoj andto rwlnoe It to lh« ininimiiin pint of the 
ib whw alloyeil with leml oaftft, and 0-345 when 
lltoFldwM tta, It roqiilno I TS vot, pr ocui. of Imtl and 0^ 
tol. por oent. of tin. 

“S. Wo oannot explain the leaaon of tlio decrement of Ma 
OcmdnoUng powom by aiMuming that the turning }>ointa of tho 
onrvei are obwaiiteal oonihioAtione, for it ia not at all pr»lnble that 
there are auob at oontain only O’A pr oent. of tin and 99*4 per 


^gnt. of biamuth ; or 3 per. oent. of liawl and 9H }>«r oent> cd 
M^intvh ; or 3*6 per oent. of tin and 97 ‘4 pr oent. of aitver. 

the oBoya titnee tumlng-p^nta bam their oaloidatad 

of the otirvm of alloya, where we may 
IHtonijli) hona titeir ehemleal bebavionr, that we have only a 
tgse aetal in another, wo may alwaya draw approtl* 
pt alloya of any two metala, if we know to 
Thiae, before a alngle ■ (ipprpld alloy 
the onrve waa almoat oornwtly drawn, and 
WM afterwarda found hy cxprlment.* 
flhemieal oomblnationa,’' he adda, '*roay 

Xe tli« ourvo fitwl the 

oar 

onm (gold'tio, gold'lwad, and 
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silveivoopper), so that it cannot be a priori even approximately 
represented, 

“3. At the turning-points the alloys contain large percentages 
of each other. 

“ 4. At the turning-points of the curves the alloys are different 
from each other in appearance (crystalline form, etc,).” 

To the second question, To what is the rapid decrement of 
the conductivity due?" Matthiessen says, ‘‘The only answer 
which I can at present give to this question is that most of the 
other 'physical properties of the metal are altered in a like 
manner." 

In a later research Matthiessen determined the electrical con- 
ductivity of a large number of alloys and established formulse 
by which the conductivity of an alloy at any temperature might 
be calculated. 

More recently Le Ohatelier, working with greater ranges of 
temperature, has shown that in the case of metals which do not 
undergo any molecular change at temperatures below their 
melting^oints the increase of electrical resistance is proportional 
to the temperature. Many metals, however, such as iron, exhibit 
irregularities in the resistances which occur at dehnite tempera^ ^ 
tures, and are evidently due to molecular or allotropio changes 
in the metal. Similar changes are also shown in the case of 
alloys. 

The electrical resistance of metals and alloys at very low 
temperatures has been studied by Dewar and Fleming, who have 
shown that in the case of pure metals the resistance decreases 
with the fall in temperature, aud the evidence tends to show that 
at the absolute zero all the metals would be practically perfect 
conductors. In the case of alloys, however, the results are 
entirely different. The resistance decreases only slightly as 
the temperature falls, and in many oases the resistance at - 200* 
is almost as great as at 100*. The figures obtained by Dewar 
and Fleming for a number of alloys and metals are given in the 
following tables: — 
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Metals, 


Arranged according to Decreasing Resistance. 



Specific Besistance in Microhms per c.o. 

Temperature 
Ooeificient 
at 18- 0. 

. Metal. 

At Boiling 
‘ Water 
Temperature, 
100-0. 

At Normal 
Temperature, 
18- C. 

At Liquid 
Air 

Temperature, 
-182- 0. 

Lead . . , . 

27'97 

21*96 

6*03 

0*00411 

Thallium • 

24‘66 

18*75 

4*89 

0-00398 

Nickel 

19-42 

14*65 

1*91 

0*00622 

Tin . . 

18*30 

14*14 

3*40 

0*00440 

* * A ” Iron ( Annstrong’s) 

15*73 

11-50 

2-34 

0*00644 

Platinum . 

14-81 

11*65 

8*34 

0*003629 

” Iron (Hopkins 
and 'Williams) 

14-63 

10*01 

1*22 

... 

Cadmium . 

13*84 

10*98 

2*96 

■ 0*00419 

Palladium . • 

13-79 

10*88 

2*78 

0*00364 

Zinc . . * . 

7*91 

6*21 

1*50 

0*00406 

Magnesium . 

6*99 

4*66 

1-00 

0*00381 

Aluminium , 

3*67 

2*77 

0*66 

0*00423 

Gold , . . . 

2*94 

2*34 

0*68 

0*00377 

Copper • • 

2*22’ 

1*68 

! 0*29 . 

0*00428 

Silver . . • . 

2*06 

1*57 

1 0*39 

0*00400 


Lord Rayleigh suggests a possible explanation for the remarkable 
difference in the behaviour of alloys and pure metals, with regard 
to their electrical resistance, on the assumption of the heterogeneity 
of the alloys. According to this view, when a current is passed 
through an alloy, it sets up between the particles of the different 
metals a series of Peltier effects proportional to the current, and 
these create an opposing electromotive force also proportional to 
the current and indistinguishable, as far as experiments are 
concerned, from a resistance. If the alloy were a true chemical 
compound this opposing force would not exist. 

This explanation is undoubtedly of great service in considering 
heterogeneous alloys; but it must be remembered that, in the 
case of the most perfectly homogeneous alloys known, namely, 
those of gold and silver, the alloy containing atomic proportions 
of the two metals and corresponding to the formula AuAg has: 
the highest resistance of the series, a fact which. : 
e^^lained by assuming, as has been suggested;j^,.ji 
efects occur between the molecules, th . 

The variations* in the electrmi?i!l§:j^i^^ pi -at 
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diffuranft tompamturM havt bean iiivoiitigatud b; Ur B. S. 
Wiiiom The »titit)g)inifi eifwrinifftiUH] upon inoUnis thorn of 
tin, kino, oultniuin. Mid mngiK'aiiitn ; but tho iiomt iutorostlag 
of thBW is th# Situtlgiitn wlOi »tiio, Knf » given Miiklgtus two 
ourvw ooaid bo obtAiued wiucit diflbrad niitiroty iu oertkin 
important obnrMterMUm. Tliun, fur oxntiiide, if, aftor detw> 
mining tba Ntishuioa, tho stnalgAm wm hi>A<t«i And alJowod to 
oool wad tbt r«aistiuto« siiAin drterndnMl, it timt found that it wu 
grtUMT after boating than bofnro. Tidii ouidd ho ro}ioatod aomsl 
timoa, tbo inoroMo in tho roamtAtii'a tH>f'.>uiing h aR and Iona, until 
after boating about ais iitneo it « «» found timt a fnt ihor hAAtfag 
did not inoroMW Uio roiditiatiott Wh(‘n iiii* ooiidiiiuii waa roaobod 
tho rooiitenool at raritma teni|>orMiun>« wera dotmuiuod and ths 


iroaulte plotted in tho form of a our ve. Tiit uiuiilgam wat tiiwt 
tllowid to otuid tlio t0mpt>raturo of tho rutuii for aevorai waekt, 

Itt nalltailiN bring moasumd awry iiioruitig at the futino tompant* 
Xl WW ftnmd that tho rtouAlMKH) gradually full slowly fw 
^ Snt Ibvaa da^mt tetmi mitidly aiauit tlie aovifuth, and titan 
igain mat alow^. In rntm oanen it took »ix weoka for the 
rasiatimoa to baoome ateady. A wHiond aerioi «f liviorminatioHS 
waro than nada^ wban it waa found timi tlis aurvo so ohtsinad 
iifeMd antirriy from tiia fink 


Many sttempte bava baan made to trawo analc^ioa betwawt 
netallio oonduotion and tba olaotrolytio diMHHitatlon of aaUaola- 
but ao far without moewaa. In ISdi (J^mriiin ounduoted 
jn^^arimante <m sodium amalipttu, from which ha ooiioludad 
might ba aapamted by moans of aa atootrio 
wwiwi wtDr Obaob, who rapeated hia osparininiite with great 
S|iA was ymibli to riHato any avidonoa of dlowioiatian of tiba 
iWitolh lift 186T tba quoatiim wsa a^n inmiigated by 
*t tba raquaat of tiia Kloctrulysis Cbmtnittea cd 
Ha asparimentad upon alioya of grid 
laad piaeud iu oiviUet out in a 6re-brialc 
Writen state, but waa unable todateotany 
*00 amparaa. It mtat ba ramambared, 
tompomtaraa mnployed In tijoaa 
«p«to6nteti»dijfe,laft„^ Iwin bean raiy rapid, and would 
probably ba mov. to oountorbalanc. anr winaration 
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column* cif fhiicl lead* atul the jv|uv8t'nt the sizes of the 

buttuimof gtild mid ]*kiitium cxtmcUnJ' from the sectioim of the 
oolimma ai The curves nro fi^lottod with distances of 

diiTusion as aud cimeentrutuum m almoissse^ 



Fict. -Piltimlec of (loM atid Flsdonm l» 


The dcternihmtioiii of k for a f«‘W mefiilH nr« given In the 
liiei^Ing table 


£^09Mitg Metib 


"1 

k iti H>{Uru4^ (•ttiitinietreBr 

HillvwlU. 

i'or lioy. 

Per iMjooiid, 

sdW ! 1 

Leut . . 

Imd . 

;; '• ‘ 

: 

m . , 

1* t • 

»*•■« * \ "' ii 

m 

m 

m 

m 

m 

m 

m 

mh 

m 

m 

a^oo 

a‘07 

a*j» 

4*aa 

4*J4 

S'la 

aua 

nm 

8’47>fl0-' 
s*a5 X II 
vmx II 

I’V^CXii 
S'C&X II 

6*a3x II 
a *38 K ti 

473 X 1, 

8*68 X II 

8*09 X II 

8-61 X II 




PEOPEETIES OP ALLOYS. 


66 


By way- of oomparisou with these figures the results of some 
determinations of the difFiision of metals ia moroury published by 
Dr Guthrie in 1883 have boon onloulated by the same method 
and give the following viiluos of k in sip oius. per day : — - 


Tin in moruury at abou t 16“ 

. 

• 1*22 

Ijoad „ ,, 

• s 

■ I'OO 

Zinc „ ,, 

* 4 

• 1*00 

Sodium „ „ 


• 046 

Potassium „ „ 

s • 

• 0-40 

These results have Hinoo boon 

prautieally 

oonllrmod 


Humphreys. . 

Diffusion of Solid MotulB. 1 1 has long boon known that solid 
bodies are oapablo of diiruMing into one another, and the old 
procQBSOs of oomoutation are buHod upon this fact ; but it i* only 
within ooraparativoly roaoiit yoiirs that tho snlyoot liaa reueivod 
Borious attention from a thtHjroti<ial point of view. In ISaO 
Faraday and Stodart, whilo oxiHiriinonting on tho alhtys of iron, 
observed that stool and jdatiiutm in tho form of buiidloB of wire 
could be readily welded at a tainporattiro oonsidorably below that 
at which either of tho inotaln alone would be aileoted. They 
further observed that on otehitig' the wolded mass with aoid the 
iron appeared to bo tdloyoii with tho platinum. More tluui half 
a century later (in 1877} ChernuiFdrow attention to the faot that 
if two surfaces of iron are heated to about 660* in intimate con- 
tact with one another tlmy will unite. Prom this date the 
publioution of resoaroltee on the diffusion of solids beoanio more 
frequent. In 188‘i Bpring demonstrated that alloys may bo 
produced by oompn'MHitm of their oonstitnont metals in a fine state 
of division, while Haitnuk in 1B88 showed that similar resulte 
could be obtained wilhcitit thu uid of pnwwire, but at somewhat 
higher temperatures, hi I8il4 Hpriitg Hhowed that two oarefuUy 
prepared Burfaoea of two inutalH pressed together and maintained 
at temperaturM of from I HO* to 400* for eight hour* weuhl inter- 
penetrate and form alleys at the juuotion of Ute two luetds. 
The first actual measuremetite of the rate of diShsion of solids are, 
however, due to Roborta-Austen, who extended his tsesandiM on 
diffusion from the fluid to the solid stale, and in 1896 
the results of wliat Is now justly omisiderid one of tiis 
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researches on alloys. He determined the tats of diKhslon, h, of 
gold in solid lead at Tarious temperatures, «id his results are 
given below, with the rate of diffusion of gold in fluid lead at 660* 
for the sake of oomparisoii ^ 


DiflusiviiT of gold in fluid load at SBO* 
„ „ aolid load 861* 

800 * 

!' !! !! 166 * 


K 

8 ' 1 # 

O'Oa 

o'oor 

0*004 

0-00008 


In order to dotormino the rate of diffusion of gold in lead a 
the ordinary temperature, discs of puro gold wore olarapod to the 
ends of cylinders of lead *88 cm. in diiiiuotor, and these were kept 
at the ordinary temperature of the atunaiphere for a period of 
tour years. At the ond of this time it w«s found that the dises 
of gold adhered to the load oylindars and that diffusion had taken 
place. Slices wore out off the oyliudara, the fl»t 0*76 mm. thick, 
and succeeding layers 2*8 mm. thlok, atjd those were then assayed. 
The first layer was found to contain ss much as 1 os, 6 dwts. of 
gold per ton, while* the fourth layer was esUmated to contain 
li dwt. per ton. From these results Itoberu* Austen miloulated 
that the amount of gold which would diffuse in solid lead at the 
ordinary temperature in one thousand yean would almost the 
same as that which would diffuae in molten load in one day. 


Liquatioii, — When two or more metals are melted together and 


allowed to cool it seldom happens that the resulting alloy solidifies 
^&eezes, as a whole and at a definite temperature. Usually one 
^i'oBtion freezes first, r^ooting another purtion of diiTorent com* 
position, which then solidifies at a lower temperature This 
pr^rty is known as liquation, and has been made use of in the 
well-known Pattinson process for the sepamiinu of silver from 
ctod. In this process it will be remembi*red that the lead oon- 


^ melted and allowed to cool slowly, the almost 
ladled off as it soUdifies, leaving a stilt molten 

of liquation has been long known, but It is to 
Djt Guthrie that we owe the fimt systematic invosUgatlon of tiie 
problem. He considers that the soUdlfloatlon of a molten alloy 
to the spUdlfioatlou of a mass of molten rook in whij^ 
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of alloys, a certain metal or alloy solidifies first and eventually 
leaves betiind the most fusible alloy of the series. This alloy 
Dr Guthrie calls the eutectic alloy. The constituent metals in 
the eutectic alloy do not occur in atomic proportions, and he 
remarks that “ the preconceived notion that the alloy of minimum 
temperature of fusion must have its constituents in simple atomic 
proportions, that it must he a chemical compound, seems to have 
misled previous investigators.” He admits the existence of com- 
pounds, but declares that “the constitution of enteotio alloys is 
not in the ratio of any simple multiple of their chemical equiva- 
lents, but their composition is not on that account less nor 
are their properties less definite.” 

The phenomenon of liquation has been long known in the case 
of the copper-silver alloys, and, owing to the importance of these 
alloys for coining purposes, they have received considerable 
attention. D’Arcet in 1824 and Mercklein in 1834 both 
pointed out that the alloys of silver and copper are not homo- 
geneous; and Level, in 1854, as the result of a very careful 
investigation conducted on these alloys cast in both cubical and 
spherical moulds. Came to the conclusion that the only homo- 
geneous alloy of the series was that containing 71 ”89 per cent, 
of silver, which he considered to bo a definite combination of the 
jtwo metals corresponding to the formula Ag,Cuj. 



Fio. 20.— Cube showing liquation of SUrer and Copper Alloys. 

(j^Jn 1876 the question was taken up by Robert8.Atiste(n, wSd 
l^ated Level’s experiments, He dretv attention to the influence 
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of the rate of cooling on liqnntion, enii showed that in the case of 
an alloy containing 926 partH of eilvor ami 76 parts of copper 
very slowly ooolod it» a ouhioal numld 46 mm. in side, the maximum 
difference in eom{H«itittn wjiaonly 1'4 por tinmsand, Imtasmuoh 
US 13 per Uum«imd when m{>hlly cooled. Hia fignroa are given 
below, together with a diagram (fig. 20), allowing the position in 
the cube oorri’H|H)mling with tl«i itHHaya: — ■ 
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Dtp ttwmy, 984*8. Uuclmum diffeninM Cbetwren tlie eaiitre 
and the oomen) 1 '40 {ter Idtouiand. 

^berts>AuBteu returned to the subject, and 
by mAftEis of sooting curves taken with the recordiug pyrometer 
showed that Leyol's alloy was the only one which solidified at a 
definite temperature. Heyoook and Noviile, aud Osmond have 
also shown that Lsvol's alloy ts the true eateotio of the series. 

haa InvMtigated the liquation of alloys of gold 
emidialatng lead aud sine as obtained in the extraction 
Wisii by the ^anlde process, wad his results are extremely 
feitpottMit, An ingot of this type weighing 120 om, was found 
tOMS^ntato W2 pants (d gold p«? thousand at the bottom cornet 
and only 439 at the tc^ Anolfiker ingot weighing 400 oss. and 
tainiaar 16‘4 B«r o«at, of lead and 9’fi per cent, of sine was 
idle whole of the predoua metaUi, to oonHin 
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gold 614'0 parts per thouKivud, and silver 76‘8 parts per thousand, 
and its value was reckoned at ^61028. The value, however, ns 
oaloulatod from the menu of fourteen assays on the ingot was only 
£ 965 , In the case of gold and v,ino Matthoy hnmd tlmt the gold 
tends to liquate towards the centre of the mass, hut only slightly. 

An alloy containing 900 part s of gold and 1 00 of zino in the 
form of a sphere 3 in. in diameter was found to bo only 1 to 
parts per thousand riohor in tho contra than at tho outside. 
Lead behaves in a similar manner | but tho litpiation is tnoro 
marked, tho coniro of a sphoro otmtaining 30 per cent, of laid 
being 29 parts per Ihonsaml riolior than tins outside. When both 
lead and zino are presont tho licpiatiou is still nmro marked, and 
in tho ease of an nlh)y omitaining IR per cent, of loaci and 10 per 
cent, of sine the apheru ooulainiui C57 parts por thousand at tho 
top, 786 in tlio ooutro, and 790 at fho bottom. In oonnootion with 
these alloys it is a ouritms fnot that if tlio quantity of silver prosont 
is not less than two-tldrds tlmt t.f the h-aii and zitie tegeUmr, they 
show very little tmidenoy U» litjual.t*, and an nlhty eeutuiidng 65 
per cent, gold, 7 por cent, sine, 18 per tumt. lend, and 20 por cunt, 
silver, was found to be pruclieally homogeneous. 
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Tsta experimentai difficulties eiiaoutitorwl iu any attempi; to 
inquire into the nature and eonetitution of motala and alloys are 
by no means inoousidorable, and imiil ooinpamtively reooutlythe 
lubjeot has been one for Kpomdation and hypotheuis rather than 
for any poBltlve knowlodgo. These diflloulties, however, have 
been largely overoome by the Inipruvod methods of modern 
mearoh, and before dealing with the constitution of alloys It 
may be wall to oonsider the various methods which have been 
employed in their investigation. 

These have been ooiivejiionUy olassiflod by Koborts-Aiiston and 
^tansliold under tho following hrads:-" 

1. The Ghuiuionl Grouping of tho Metals in a Solid Alloy, 
jjh The Separation of the Cunatitnenta during SoUdihoation, 
i^t of th«e inoludes tho following methods of inveeU* 

0. The speolSo gravity of alloys. 

%, The eleotrioai raslstanoe of alloys, 
a IHffiiiiott of metals in alloys, 
d £M»dykio eonduoUun. 

oombinatiun of metals to form alloys. 

Tw eleqtiromotlvs force of solution of metals and aJloyi. 

A. Iiolatdoa of the oonstituente of alloys by ohemioal methods. 
i Mlm!oicc|deal esamlnation of alloys. 

The second group dealt with those methods involving a study 
Sl*tha separation of the oonstitueats of an alloy on solidifloatlon, 
iiMudeB^ 

»0 



METHODS OF INVESTIOATION. 


SI 


(a) Measurement of fall of toiniwrature dtirhig ■itUiiilleAtioti 

by moans of a pyromotor. 

(b) Meohanioal soparatiun of thu {inimlilui<nti( of an iitiny 

by heating to doiinito mul draiiiiitg off or 

pressing out the licpiid portion, 

(e) luTestigation of tlio ohaitgoH in fiio »ta)^«iietio oliarHOter 
of certain alloys during lutut tug utid coolntg. 

The first four of thimo inothoilM, viz. tho doti'riMtuntioit of 
speoifio gravity, eleotriual r(>HiKl>auco, liiltUHiini iin<i uirotrofyiio 
oonduotion, have already boon otiiwiilort'd midor the IVti{K<rtiMi 
of Alloys,” and noed not bo driilt with horo. 

Thermo-electric Power.— This property hn« Ikmui a'iggeaM h« 
a means of throwing light on tho tmlure «»f itiiiiya, imt low not 
been very fruitful in rosults, owing to tho fnnt tliat a oimugn in 
thermo-eleotrio power may bo tiausud by an ullutropia as wall iw 
a ohemioal change. 

The Heat of Oombtoatlon of Mtttala to lorm Aibya A gn^it 
many metals evolve boat wliott uniteti, au. li nn aluuiiuiiiut mei 
copper, platinum aud tin, a«ii-iiio and ouliuuiuy, biMunth nnd 
lead •, while the uniott of otheivi, auoh wi Iwd autl Un. hi aeeom- 
panied by an absorption of hoai. In this oiuo ibo abMirpibo (ff 
heat is small j but thoro is ttu uxainplo of sit alhty, ftnti dcMorilMK} 
by Mohr, in which a vory nmrkwt lowering «f tempemtort otn 
be produoed. This alloy is fomiud by ukiog Suaijr divkfad tfi^ 
lead, and bismutli in tlteir oquivalout prnpurUons and rnpidiy 
miadng them with eight aquivaleuta of meroury. In ti.t« ««y 
the temperature of the mixtura will aotaally fall from +17' i«» 
-10* 0, The determination of the heat of wmiiltwtiiuj may b« 
made by adding one raatal to amither in the eistoi hul 

in the ease of solid tilloya Uio dt;ifiniiu.,iui» c«m i„,jy be arrived 
at by indirect methods. Onn Hiitdt ntetiuiii ctuiniiita in twimtsiring 
the heats of solution of the alioy and of the «. pa*«»« i,,. u|a b 
acids; but this method is o[>Bit to i.,.,.! KeUi**, 

Galt, and Gladstone have made doU>nM»tmU,,i,» of ii,„ i„»i 
Mmbinatlon; but, ao far, the residte have not Mided mueb to om 
knowledge of the wnatituUim of aibye. 

Baker (PAff. 2Tna«#., vol. oxovb p. 689) htamade dliwiitll>lluM 
of the heat of oombinaticm a large tui m b tr of emear ailQKi, 
,The method adopted oonoiste la deteralaiag ttio 
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i\m lieata of dinaolutiou nf tlio alloy atid an oqnivaloub weight of 
ita oouKiituonta in a Huitablo smlveiifc, 'PUo Bolvents employed 
wore an mjucHniH Muhitiun of a mixture of ammonium and 

ferric chlm’ide«, ami a mixtun* of utumonitim and uuprio chlorides, 
In the caacof the copper yJno alloys the cximrimcuts show 
that~ 

L Tliero is an evolution of Ut ai in the formutiun of all the 
alhiya* 

2* ThU evolutUm of lumt roaohoH a inaximum in the case of 
the alloy corrcapmiding to the formula (ic* 32 par cent, 

of copper). 

The Electromotive Force of Solution of Motels and Alloys,— 
This mctlhid han himn timal l»y Laurie, ami imw given must valuable 
evidence na to the exUteuue of oumpmuiidH m uUuy«, The method, 
as employed by I*auri»% depimda upon ttu? fart that if in a galvanic 
cell— say, for example, a Uaiuvll roll tht» y,itm plate is replaced 
by a compound plato miuht liy joining tugeiher rodn or plates of 
capper and alue, tlic eleutnmmtivo fotru in imt altuml; this is 
the case even if tho ssinu aurfitoo jh only ona thousandth 
part of the copper Hurfacc, If now the aino plate in a 
Daniell cell is roidaeiul by aluo alluyH etaitainiug iuoroasuigly 
largo poroontegoH of OHppor, it i« found that tho oloctromotivo 
force dooe not vary appreoiahly until an allny otmtaining 33 per 
cent, of copper is nmohod, when thorn k a Nuddun fall in the 
electromotive force, From thin it ie argued that in this alloy 


minis no free aiuo prosont^ hut that it h all in ocmibinatlon 
wlihwtheooppor, and forme an alloy wliioh may bo roprosonted by 
the formula OuZii^. In the mtm way with the onppur tin alloys, 
a midden change in the eleotromotivo force is nutioad when the 
..gomposltion oi the alloy oorrospotlda to a fc»rmula tinCuj, More- 
wer, tt an alloy containing an exccue of tin bo employed the 
tiittolved out until the same itlloy SuCU{| is mohed, 

r ge ocoura These results i>ear out the evidenoe 
determinations of the density, thermal and 
efociiicil cauduettvitqr, and also the miorosc«|>ioal examination and 
cooling curves. These will be dlsoui»ed later. 
iBolatfdn of the CtosMImmxts Alloys by Chemical Means. 
It frequently happens that one oonsUtuent of au alloy is less 
fo ^ glv^ solvwb than the remainder of the alloy, and 


METHODS OP INVrSSTIOATION. 


8.1 


this is more especially the oaso wlu'u ouiujkhuuIh un* pri'i-viit. It 
is therefore possible, by using a MuitiiliUi solvnut, li> «li»w)lv«’ auay 
the more soluble portion, ami tliia oan ofttni b» fm-jliittlni liy tli«’ 
employment of an elootrio ourront. Tlin roHiiiim can tln'n 
filtered off and analysoil. riiottigntph 4 it* an nf h. 

compound soitamtod in tliis way. 

The Microflcopical Exaiulnation of Alltjyn - I’me ovnlinmi' 
afforded by tlio ntiorowstijm, in ri'btlittn to ihf conMtitutMiii ..f 
alloys, has boon of snob vahio tlial it may with niivant.igi' Ih* 
cousidorod at some lengt It. 

The systomatio study of Urn slrm inro of m. i.iIh m* r. v#*»|i'il liy 
the miorosooiie was first uJidiTtiikuii by J)r Hurliy tif Wluuludd «« 
an introduction to the study of tuctooritj irons, *• It wns a nattirei 
thing,” ho says, " Unit 1 slumlil Iw Iwl frimi thn stmiy of Ui» inioM 
Boopioal Btriioture of rooks to that of iiti'lt’iii ilim, nnil in «r>Ior tu 


explain the structure of inuU-orio iron 1 ui.iunii-nwl llti' study of 
artificial irons,” Ho began this study in iHfiS, «„,! ii, 
ing year his paper Oh a Nnm Mtt/nhl of M... f«,., 

ofmrima Kin<h of iSt eel hy Nf^ure /^rmtiny was },y ii,r 

Sheffield Literary and Pbilom.phiml Hooioiy, In bj* 

On the Mieromyical UmeUtm of MeienrUe* ml /nm w*» 

published by the liuyal Sooioty. Nuthiiig furthnr spiawni lo have 
been done until Prof. Martona puldishwl in 187 « tiw nsiulta of 
his inrestigations, which wore oarriwl out quite independenily. 
The importance of the study of the micrcMtruotuni of meiets and 
alloys was soon roisignised, and the work of Dr Horby and I*n.f 
Martens was taken up and extended by Weddiiig, 

Andrews, Beiirens, Howe, Oliarpy, Ia Hhalolior. K-U-ris 
Stead, and many othons. 


In order to study tho strnctur** of a moisi or albiy by meean of 
the mioroBOope it is first neoessitry t*i jii'..pan< a iHiii.iiMt snrfacei, 
and for this purpose a section of couv. oa'ot si/., mu^i j«, MbiaJnwi 
In the case of oomparativaly soft «U..ys this umy {..< . , i. .| hv 
sawing through tho alloy with a back saw and tbon (tbog ntto 

«H-ys « dianm,,.! e„w«r 
“Y , , ’ ^ *»Hplor niotbisl ooimiste in inmkiiiK Om edkw 

and selecting a fragment wlUi a aotapanttiwri^ MNtilli 
This face Is then ground down on an wmit srheel fhit Hm 
am and shape of the stunple to be polWMtt wttJ dspwtd upon 
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oirotimsl»noe8. It my be that a eeoMon ot thin, wire, or of 
a small turbine blade, is to bo polished ; or it may be neoessary 
to examine a firebox plate or a largo coatitag. In the case of 
small sootions soino skill and ingonuity is required in the polishing, 
while in the oaso of largoi* samples from which a portion has to 
be out the solootion of the sample must bo made with dis- 
cretion. In any case, the saarfaum tia bo polished should not be 
muoh more thaia half an inuh aoroaH, or the labour of polishing 
will be exoessive. 

Thin seotiotas can bo polished naost readily by first embedding 
them in a larger piece of motal of sianilar hardness. This oan 
sometimes be efToutod by eloetro depositing motal of sufficient 
thickness upon thoan and then piiiisliiaag the whole seotion, but 
in the ease of simple seotioaas, sutaii as tlaiaa slaeot, it is usually 
simpler to make a saw cut in a piece of metaU, iaisert the sheet, 
and then close the out by squeoxing in a vice or hammerhag. 
The two oan then be filed up as one piece. 

In whatever way the eanaplo is taken, great care should be 
exewfised during filing to prevetat tcaritag uf the surfaioe, Attea 
finishing on the smoothest file tiao section is now rtabbed down 
on emery papers of tuoreasing finoiaoss, usiaag fia’st Iho ordinary 
English papers and then those of Frutach nanko atsed by stee' 
engravers, and marked 0 to 0000. Tiao griiadiiag on each paper 
must be contiaaued until the eoratohos prudiauod lay the previous 
.paper have entirely disappeared, wiaoaa the next paper is sub* 
ll^tetad and the seotion turned throtagh an angle of 90*, so that 
&e new soratohes are at right angles to the provioaas ouos. In 
thU way it is easy to see whmr the coarser acraitchos have dis- 
appeared. This preliminary polishing is naust rapidly performed 
by attaching the emery papers to the surfaces of wocaden blocks 
'■ot wheels, whtoh are atiads to revolve at a higit rate of speed. 

OB the last ornery paper tlie surface should 
ooarse eoratohes, and is now ready for the final 
lioUlhlag, Tariou* methods have been devised by different 
workers ter the final poUiixmg of the wotion, and eome of these 
tm now be deidt witlx. 

For rough work theseoUon may bepollehed on a wheel covered 
leather or Inxaadolotb, upon which a small quantity 
Jfw^r’s waufe has been sprinkled. For finer wwk 
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the wheel should bo covered with broadcloth which is kept wet, 
and well -washed rougo employed. Wet polishing may take 
longer, but is far more satisfactory than dry. 

Bouge suitable for polishing is prepared in the following way : 
A quantity of jeweller’s rouge is stirred up with a largo bulk of 
water (about 60 grams of rougo to a litre of water) in a large jar 
orhpaker, and is thou allowed to stand for thirty seconds and the 
liquid decanted. This is allowed to stand for somo time, when 
the water is poured oil^ and the rougo which has settled is used 
for the polishing. 

With some alloys it is well to avoid the presence of water, and 
in these oasos the rougo may bo moistened with a little paniffln. 
This method is very suoooHsful in the case of copper and copper 
alloys. 

Le Ohatelior has made a number of experiments on the subject 
of polishing, with a view to inort^asing the spued of tho manipula- 
tion. He points out that in tho washing of powdoi's tiio quantity 
of carbonate of lime in the water is quite Hulliciont to cause the 
formation of lumps, containing both coarse and fine particles, 
and he rcoommends the following method : — ^The powder is first 
treated with water containing on© part of njtric acid in one 
thousand of water, in order to dissolve any salts present. The 
mixture is stirred, allowed to settle, and tho clear liqtiid decanted. 
The proocHH of washing and decanting is now continued with dis- 
tilled water until the acid is removed and the settling takes place 
more slowly. Tho aopamtion of the powder is then effected by 
adding two oubic oentimetros of ammonia to each litre of water, and 
the top portion of tlie liquid is syphoned off at intervals of fifteen 
minutes, one hour, four hours, twenty-four hours, and eight days. 
After the removal of the twenty-fourdmurB powder the finer 
particles still in suspension may ho cauHed to settle rapidly by 
adding a small quantity of aoetio acid to the liquid. 

The powder in the first deposit is unsuitable for polishing, and 
the seooud and third are somewhat coarse, but the deposits 
collected between the first and the eighth day constitute the true 
polishing powders. 

The powders so prepared are mixed while stiH wet wWfe 
shavings of very dry Castile soap, in the propdrilott of one 
ijy soap to ten parts of the wet powder. The mixture is melted 
^ 6 
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in a water bath and allowed to oool, attiring oontinuoualy, until 
the maaa begine to thioken; it is then poured into tin tubes 
similar to those in which oil paints are kept. 

Le Ohatelier has found the following siibstanoes to bo the most 
satisftiotory ! Alumina obtained from the calcination of ammonia 
alum, ooinmeroial flour emery, oxide of chromium obtained from 
the oaloination of ammonium biobromate, and oxide of jbron 
obtained from the calcination of iron oxalate. Alumina gires br 
better results idian the others. 

These are the usual methods for obUuinug a polished surface j 
but when soft metals have to be dealt with, mioh as lead, it is 
extremely diffionlt to obtain a good poliidi, and only the slightest 
pressure must be used. To overoomo this ditlionlty Ewing and 
R oBon bain have adopted a method of obtaining a smooth surfaoe 
without having recourse to any muohanioal polishing. This 
method is espeoially useful in the case of researoh work oarried 
oubfn easily fusible metals and alloys, and consists in pouring 
tote molten n^etal on to a simioth surface such as glass, mica, or 
polished steel, in contact with which it is allowed to solidify, In 
practical work, however, it is obviously not pormissiblo to melt 
the alloy, and th^ specimen must be polished. For this purpose 
a little Globe metal polish and ohamois leather will he found 
quite as satisfactory as more elaborate methods. 

When an alloy which is composed of constituents of different 
degrees of hardness is polished on a soft material, such as leather, 
Ctoth, or parohmont, the hard constituents will appear in relief, 
^preliminary examination of the polished surfaoo is frequently 
of great vslue in affording information as to the relative hardness 
of the oonitituents of an alloy. As a rule, however, it is neoesssiy 
to Buhjeot the polished surface to the corroding action of some 
oheodoid r^ginit in order to distinguish the constituents. This 
it ItoQwn as “stohing." The reagents most frequently 
srs tins vatioas aoids, but alkalis, alkaline sulphides, and 
ijany ctW reagents are alw used, either In aqueous or alooholio 
solutions. Some alloys are most satisfaetorily etched by plaoing 
the polished spedmeo' in a salt solution and oonnsoting it with 
the positive pole of a battsay, while the negative pole is oonneoted 
with a piece of platinum foQ. 

|n, addition to tifie wdlnary methods of etching there is the 
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method of “heat tinting,” which consists in simply heating the 
specimen in air until the polished surface assumes a decided colour 
due to slight oxidation, and then cooling quickly by floating on 
mercury. This method has proved of the greatest value in 
the hands of Mr Stead, who has shown that it is the only satis- 
factory method by which carbide and phosphide of iron can be 
distinguished when associated in iron. It is usually sufficient- to . 
heat the specimen on a hot plate, but if any deflnite temperature 
is desired a hath of molten tin or lead may be employed. Modifl- 
oations of. this method consist in heating the specimen in gases, 
such as sulphuretted hydrogen, in order to obtain a film of sulphide 
or other compound in place of the oxide. 

In special cases etching may be effected by means of gases,, and 
the author has found this method of great value in the study of 
oxides in metals. For this purpose hydrogen is used, the polished 
specimen being placed in a heated combustion tube through 
which pure dry hydrogen is passed. The oxides are reduced by the 
hydrogen, and incidentally the crystalline structure is developed. 
This, however, is simply due to the heating and not to any action 
by the hydrogen, as the crystalline structure is equally well 
developed by any neutral or non-oxidising gas. 

The methods of etching are so numerous that it is impossible 
to deal with them except in a general way, but the more im- 
portant reagents may be briefly described. 

For steel and iron alloys the moat useful etching agent is a 
5 per cent, alcoholic solution of picric acid. The specimen, after 
polishing is merely dipped in this solution for a few seconds and 
then washed in , alcohol and dried. 

For bronzes, brasses, German silver, and nearly aU copper 
alloys a 10 per cent, aqueous solution of ammonium persulphate 
will he found the most satisfactory. This reagent was suggested 
by the author many years ago on account of two useful properties 
which it possesses. Firstly, the etching is effected by simple 
immersion of the specimen, no rubbing being required as in the 
case of some other etohing agents. This is an important con- 
sideration witli soft alloys which are very easily soi:atohed by 
rubbing. Secondly, the action takes place without tlae 
of gas bubbles, which are always liable to adhere; to 
l^iaoe and cause uneven etohing. One preoautioi^ howeier, must 
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be observed in the use of ainmouimn persulphate— the polished 
surface must be absolutely free from oil or groaso. To ensur/this 
it is advisable tp give the samplo a prolimiiiary treatment with 
soda or potash, followed by washing in water before immersion in 
the persulphate. 

For antifriotiou and other whito metal alloys a porfoot etohinir 
agent remains to bo disooverad, but strong hydroehlorio aoid will 
be found as useful as any. 

Aluminium alloys may bo et(d)isl either with dilute sold 
preferably hydroehlorio, or with oaimtio soda or potash. ' 

Silver alloys may be etohod with nitrio aoid or amimminm 
persulphate as in the otiso of ooppor alloys j luid gold alloys require 
the use of aqua regia. 

The complete iiHi<!roaoopioal oxaminaliini of a metal or alloy 
should be oarried out in tlu-oe stages. First, tlio sptioimoii should 
be simply polished and examined undor both low and high powers. 
This will afford information as to the rolativo hanlnoBs of the 
constituents, and will also reveal the p«»»oiieo of blowholes, oraoks, 
and included foreign matter, suoh as slag, oitidor, or unalloyed 
metal. The second examination should ho made aflor slightly 
etching the polished surface in order to diMlinguisli the oon- 
stituents. This is the most dIfSault javrt ut the whole process, 
and great care should be taken not to overdo the etching. The 
safMt method is to etch very lightly and exsudno; then, etoh 
a little further and again examine, and oontimie the etching 
up^ the separate oonstituents are oloarlyt sliiwn. For the third 
:^l^fl^l|%tion the specimen should bo deeply etohed with a stronger 
^^Snt in order to show up the orystalline strimtui'a of the metoL 
‘>t!he first and third examinations oan ttsualiy ho oarried out with 
oomp^tively low magnifioations, but the staiutid often requires 
biapiifloahlonB of a thousand diameters or more to resolve an 
^^^^MUf^-dempouents. 

eW pBPwi^ ^0 preserve the apaclmeua for future reference 
^^rmay ^her be oiled or the polished surface moistened with a 
irolutioff of paraffin wax In beneol. This leaves, on drying, a thin 
^ of paraffin which can earily be removed when the epeeimeu 
is required for re-examination, by wiping with a doth moistened 
La Ohatelier reoommends the use of a soluMon 
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parent varnish. This film does not interfere in the loaet with thn 
of tho spotiiiiioii Gvon uitdor the hixlu'at powers. 

When the spooiiiieu hiiH Iweii prepared it rotpiiree to be 
mounted in order to pltioo it on tho hUiko of the iniorowtsopo, and 
this mounting roquiruM a littUi tmro in order tiiat the Hurfaw may 
be at right anghw to tlio optitial axia ot tho mtoroHiiope. With 
a little practioo this dillhsulty win ho roatiily ovi'ri’onm ; hut one 
or two inoithanioal duvimw for l■^lHuri»g a porfrnlly h'vol 8urfa*!0 
may he liviolly dtmorihfd, Tho muiplcHl ttf (hrso moroly wiimiate 
of a mutihor of ahort IriigtliH of hriisx tiilio of ditl(>t'4’iit tiianti'tora 
whlbh have bu<m mirufully rut no that, tlioir i'ihIn are }a*rff«tiy 
true. The Kpwmnru to lir *‘!iaiiiitii*i| Ih pfui-wi «*n a glam ithp, 
with tho poliHlieil HiuTiiei' iloumMU’itN. and a itraas tniK) ie mthatted 



Flu. 'il.—Iii<vi'lliii;( ItivliiB fur 

which will jimt pana ov.<r liw eiatpitiii'ii. A ipwntity of olay or 
soft wax is then pnwd into tho tube oontainlng the ejtwimoii 
until it more tlinii fiilH the tube, and then a gimm atip ia phoaal 
on the top and pn>«HtMl into oontaot with the brawi ring. Anoliier 
device has been plaemi Hi«>n Ihb market, and ia almwn in JJg. 3|, 
This ooimists of two horixonlat piutra, the >ip|»>ri>netieingoapabla 
of vertical niovoinont, but alwaya ronmiiiing imrallfl to the 
lower one. ThoKpeolmon ia plmaai with iia t«<diNitiH| aurfaee on 
the lower plate, and tho up|K'r plato, t'ai'i'ying a ginaa »hp 
whloh some auitablo clay or wax ia atlaoluHi, ia ioworod into ron 
taot. If neoeiwary it «aa be olampeii in poeition until the 
mounting medium has aat, 

To obviate the neooaalty for mounting tiie Mvwal 

oonvenient metahhnidm have lieen dovieedi. 9% SS if % 
form of metaldioldor, conaieting of a metal tMo wrMt a Mlai^ 
flsntre in which there it fti aperiaire, ^ apeMmmi is held with 
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the polished surface against the under side of the aperture by 
means of elastic bands. 

!E%. 23 shows a combined metal-holder and levelling arrange- 
ment, The specimen is held by two rotating jaws, and can be 
levelled by means of the screws A, B, and Bl. 



It is obvious that the examination of metals must be con- 
ducted by reflected light, and the illumination may be either 
oblique or vertical. Oblique illumination is only possible with 
low powers, and for this purpose natural illumination is some- 
times sufficient. In most oases, however, a parabolic reflector is 
desirable, if not necessary. A convenient form of reflector is 
that known as the Sorby-Beck reflector, and shown in fig. 24. It 




on to the objective, and is also supplied with a 
^ii^eetor which can be instantly placed in position 
by a turn of the screw. 

work the illuminator must be placed behind 
the reflector in this case may be either a glass 
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of the light is utilised, whereas with the prism the whole of the ' 
light is reflected. This may be a distinct advantage when a 
powerful source of light is not available. It must be noted, 
however, that for nse with a prism illuminator the objectives 
must be specially constructed with short mounts so that the 
glasses may be as close to the prism as possible. Both illumina- 
tora may be fitted with stops or diaphragms, so that the amount 
of light admitted may be varied as desired. These will be found 
useful when the section under examination has a brilliantly re- 




Fia. 27. — frism Illuminatoi?. 


fleeting surface, and also when high-power oil-immersion objectives 
are being used. 

As regards the optical equipment of the microscope, three or 
four objectives and two eyepieces are all that are required for 
ordinary work. Two projection eyepieces, described by the makers 
as No. 2 and No. 4, should be chosen, as they are specially 
adapted for photographic work, and in conjunction with objectives 
of* 16 mm., 8 mm., and 2 mm, focus will give any degree of 
magnification from about 50 to 2000 diameters. For very low 
magnification a projection lens of 35 mm. focus, and used without 
an eyepiece, will be found useful. 

The following table gives the magnifications obtaiwd^^w^^^. 
these objectives calculated for a tube length of 160 mm;^d:^}; 
distance from the eyepiece to the focussing screen of X metre : — 
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eilected on the screen by means of a rod and Hook’s key 
arrangement. 

Eig, 32 illustrates a form of microscope by Eeichert in which 
the stage is placed in a horizontal position so that mounting of 



^ Via. 80.— Vertical Microscope and Camera. 

the sample ui^er observation is unnecessary. Two tubes are 
provided, one for observation and another at right angles for 
photography. The optical arrangements are shown 
beam of light from any suitable source is reflected f rote ’ 

^ prism Pj through the objective on to the specimen and back 
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through the.prism Pj. After focussing, the prism Pj is rotated 
through an angle of 90° about an axis at right angles to the plane 



Fia 32. — Reichert Metallographio Microscope. 

of the stage, which throws the beam of light , through the second 
tube to which the camera is attached. Fig. 34 shows the complete 
outfit for photomicrography. 


Success in photographic 
manipulation can only be ac- 
quired by practice and experi- 
ence, but a few hints may be 
useful to those who are be- 
ginning the study of alloys 
by means of the microscope. 

In the first place, the use of 
a light filter placed between 
the source of light and the 
naioroBoope will give better re- 
sults, and if the source of light is an arc' lamp, a 
ss of the kind commonly known as ^ 

'ound perfectly satisfactory. Any wellrkhoM^^ 





Fig, 33, — Optical arrangement of 
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grapWo plates may be ueed, the si>o 0 l of the plates eeleoted 
depending to a great extent on the amiroo of illumination. If 
a weak light is being used, then rapid plates may be us^ to 
shorten exposures; hut if an are light is employed, the plates 
desoribod by the makers as “Orflitmry’’ will probuftly be the 
most useful. An exposure of appmxittiatoly 6 seconds is the 
most convenient 5 if lunger there is risk of movomont, and if 
shorter than 3 seoonds it is difHoult to time thorn aoourately 
without a shutter, and the two of a shutter involvos serious risk 
of vibration unless very oareftilly arranged. 



Fm, 84.— Ksiohsrt UliiRa»oi»{>i> anti Uamera. 


Slow plates are sometimes reoommended as {HmaoNHtng finer 
pga than rapid plates. There was some rtsmron for this in the 
it# (toys of the photogmphio dry plate, but the grain of the 
toest modem plat^ even when using the highest powers of the 
mioroeoope, is negligible. A oommoner mistake, and one fre- 
found In text-book*, is the statement that slow plates 
m Jd^eable as tbqr give greater “oontewt." The womt fault 
htfinimr in phott^raphy has to overaome is this 
, J?|i’]^aee ni^tativee with great oontmata, and a huge 
fcMIid phbtomloroggaphs aufibr from the same 
Hsam ommtt am seldom seen under the miorosoope, 
and am usu^ ooo&Md to omeks, blowholee, and certain slag 

^ * ph«tc«raph it i. usually the 

result of bad photography or bed etohing. | 

^ beet reeults. backed tilutcm Mhniild hm 
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employed, as halation, or reflection from the back of the plate, 
is a common source of trouble in photomicrbgraphio work. 

When photographs are taken it is important that standard 
magnifications should be adopted. The great value of photo- 
micrographs as a record lies in the readiness with which they 
can be compared, and this is rendered extremely difficult, if all 
degrees of magnification are used. It was pointed out in the 



Fie. 36. — Stereoscopic Microscope. 


preface to the first edition of this book that experience had shown 
that magnifications of 100 and 1000 diameters fulfilled all that 
was necessary in the great majority of oases, and these standards 
have been adopted by a large number of metallographists. 

Before leaving the subject of microscopes, two instruments 
may be briefly described which have proved of service in th'' 
study of metals and alloys. 

Fig. 35 is a stereoscopic microscope which hm. 
in the exanoination of uneven surfaces such 

Fig. 86 is a micrometer miorosoppC: pf recent introduction 
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pyrometer. The study of pyrometry holongs rather to the domain 
of physicB than motallurgy] hut the use of pyrometers in the 
study of alloys has become so important that a brief description 
of the more useful types may not be out of place. 

Pyrometers suitable for the study of alloys, where the tempera- 
tures of small masses of metal have to bo accurately determined, 
may be divided into two classes : 1, resistance pyrometers ; and 
2, thermo-olectrio pyrometers* 

The measurement of temperature by means of the rosistanoo 
pyrometer depends upon the inoroase in resistance of a platinum 
wire when heated* In the Callondar <fc Grillith’s resistance 
pyrometer a fine platinum wire is wound on a mica frame, which 
is enclosed in an outer protecting case. The ends of the platinum 
wire are connected by copper leads either to a direct reading instru- 
ment or to a clockwork recorder. In order to avoid the intro- 
duction of any error due to the variation of the temperature of 
the wires connecting the thermometer with the recorder, two 
similar leads, not connected with the coil, are passed down the 
whole length of the thermometer. This thermometer may either 
be connected with a direct reading indicator or an automatic 
recorder. 

The measurement of high temperatures by moans of a thermo- 
electric couple was suggested by Bccquerel in 1826; but a 
satisfactory couple was not obtained until 1887, when Le Ghatelier 
published his resoaroboa on the platinum -—platinum-rhodium 
ootxple. In this apparatus the oouple is formed by joining or fusing 
together the ends of two wires, one of absolutely pure platinum 
and the other of pure platinum alloyed with 10 per cent, of 
rhodium* When one junction of these wires is heated an eleotrio 
current is generated, and this current has been proved, by com- 
parison with the air thermometer of the Royal Physical Institute, 
to be proportionate to the heat applied. The wires are 0*6 
millimetres in diameter, and the current generated is approximately 
*001 volt for every hundred degrees Centigrade. 

In order to protect the wires from injury they are enclosed in 
porcelain or fireclay tubes* The Royal Poroelain Factory ii;| 
Berlin manufacture tubes which will resist a temp6r|ft^ ^|,|^ 
1600"^ but a simple fireclay tube is often 
The couple Is Inserted in the tube with a thin strip of mica; between 




Fie. 37, — ^Reberts-Aiuten’s Aetcgrapbic Hecoiding Tjromster. 
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/ Fig, 88, — Seotional Plan of Roberts- 
^^8ten*s Autographic Recording 


the wires in order to prevent a 
short circuit. The other end of 
the wires forming the couple 
should be maintained at a con- 
stant temperature, if accurate 
measurements are to be taken; 
and to ensure this they are en- 
closed in glass tubes, which are 
immersed in ice or else in water 
whose temperature ia accurately, 
known. The thermo-couple 
measures the difference in tem- 
perature between the heated 
junction andthe ‘*oold junction.'' 
The copper leads are connected 
with a galvanometer of the 
d'Arsonval type, which may be 
arranged for direct readings or 
used in conjunction with an 
automatic recorder. In the auto- 
matic recorder devised by Sir 
William 0. Eoberts-Austen a 
mirror galvanometer is used 
and a beam of light is reflected 
from the mirror on to a narrow 
horizontal slit, behind which a 
photographic plate is caused to 
move vertically either by clock- 
work or by means of a water 
float. The arrangement of the 
apparatus will be readily under- 
stood by reference to fig. 37, 
which represents the pyrometer 
used with such admirable results 
by Eoberts-Austen at the Eoyal 
Mint. 

The camera is aboui? 
in length a^d 

three doors, so that Aie galvano- 
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meter is noooB8il)lo for aujr noiutasary adjuatmeuts. (Jonueetoti to 
tlie oaiiiei’a by a fliwililo letiUmr bellows ia the apjiamtus which 
oontaius the moving phoUigrupUio plate. F is the galvanometer, 
which can be placed in one of two positioue, according to the 
range of temporatvu’O to bo obaorvoil. Inside the camera and 
immediately in front of tho photographic pidte is the foonssing 
tube T, containing a Iona L whioli roucivoH tho light from the 
mirror H and throws it on to tho galvaiioiantei' mirror. Any 
deBcotion of the galvauuniotur mirror oauaes the spot of light to 



Fio. 88. — Bxttinplii of Oalllirnliou of Pyrumolsr. 

travel along the slit, and thus traces out a curve on the tnoving 
photographic plate. 

Now it is evident that if the rate of ofstling wore constant 
the eniye would be the simple resulttint of two movements 
a|,ii;^hl,|ngl«|| and voold therefore be a stmight line. But 
,the. rate of cooling always bscomes slower as the body becomes 
colder, and the actual curve given by a oooling mass is a smooth 
curve of the form shown in the lowsr parts of the curves in 
fig. 39. 

If, now, the thermo-oouple, suitably proteotsd, it dipped into 
• mass of pure molten metal— copper, for MBmple— which is 
\Uowed to oool dowly, a different eurv# Is obtained. The 
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temperature falls steadily until the metal begins to solidify, 
but at this point the temperature remains constant, owing to 
the latent heat of fusion of the metal, until the whole of the 
mass is solid. After this “arrest" in the cooling the tempera- 
ture falls again in the usual way. The resulting curve, then, ^ 
is similar to those shown in fig. 39 (which represents the 
cooling curves of the metals tin, lead, aluminium, silver, and 
copper, together with two straight lines representing the boiling- 
points of water and sulphur respectively), and this is a typical 
cooling curve of a pure metal. There are two possible modifica- 
tions, however, in the case of pure metals which should be 
noticed. The first of these is observed when the metal is 
cooled \ slowly without being disturbed. Under these con- 
ditions the temperature sometimes falls two or three degrees 
below the true freezing-point of the metal before solidification 
begins.’ The freezing of the mass is then accompanied by a 
sudden rise in temperature to the true freezing-point of the 
metal. This phenomenon is known as suTfusion^ and it will be 
remembered that it also occurs in the freezing of water and other- 
liquids. An example of surfusion is seen in the cooling curve of 
tin in fig. 39. 

The second modification of the typical cooling curve is not 
frequently met with, but occurs when a molecular rearrangement 
bakes place in the metal at some temperature below its freezing- 
point. In other words, the metal at a certain temperature passes 
from one allotropio modification to another. A molecular change 
such as this occurs in the case of iron, and is accompanied by an 
evolution of heat, which is shown in the cooling curve. A further 
indication of molecular change is shown by^the fact that the iron 
becomes magnetic below this temperature, while before it was non- 
magnetic. Similar results are obtained in the case of nickel. 
The magnetic properties of the iron and nickel alloys will be dealt 
with later. 

A number of melting-points of metals have been accurately 
determined by means of the air thermometer, and these, together 
with other well-known temperatures, are employed in the calibra- 
tion of pyrometers. The most useful temperatures for calibration 
pjirposes are the following : — • 
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Boiling-point of water . . .100 

Melting-point of tin . • • 232* 

Melting-point of lead . . . 826* 

Boiling-point of sulplmr . . 448* 

Melting-point of aliinuuiuin . . 667* 

Melting-point of silver . . . 261* 

Melting-point of copper . . 1084* 


It is abaolntely necessary that pnre rnetaU ho used, and in the 
case of the boiling-pointe of water and sulphur the thormo-oouple 
must be placed in the vapour of the Iwiling liipiid and not in the 
liquid itself. Fig. 32 shows an actual oallhmtion of a Roberts- 
Austen recording pyrometer. In the first place a “datum" line 
is taken by lotting the photographic plate run while the galvano- 
meter is at rest with no current ismsing. The plate is then run 
a second time with the thermo-couple immemed in melted tin 
contained in a small crucible, and so on, all the curves being 
taVan QQ ouo plsto. The dlstaucsH Uatwoou the datum line and 
the various points are then measured on tlie plate, and, If a curve 
is plotted on squared paper with these distanoes as absoUssa and 
temperatures aa ordinates, an approximately straight line is 
obtained from which any other m«»umrement of temperature can 
be easily read off. 

It is advisable that a fresh calibration be made hrom time to 
time to ensure that both galvanometer and thermu-oouple are in 


^ffoper working order. 

In cases where consideiiable ranges of tempeiature have to be 
measured, a pyrometer, such as that just doeoribed, is 0 }ten to the 
objection that the large angular defieetbn of the galvanometer 
mirror is liable to strain the sospending wires and ^ue introduce 
a seriotM etrem To obviate this difficulty rice current from the 
j^cvmo-junotion hr not allowed to pan directly through the 
' gi^^ometey, but is opptoed by a current from a standard Olark 
cell, which can be regulated and measund by means <d a potentio- 
meter introduced la the circuit. In tbie way only a portion cl 
the thermo-electric current panes through the gaivanometer, and 
the mirror is only deflected through a small angle. An apparatus 
of this description, however, requiree a speoiia ammpment, as 
movement of the spot of light has to be wstohed and the 
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electrical balancing of the current carried out during the opera- 
tion. In this case the galvanometer is not enclosed in a camera, 
but the room iti which the operation is oarrie*! out is somewhat 
darkened, so that the spot of light can be seen travelling along 
the horizontal slit without fear of fogging the photographic 
plate. 

Sir William 0. Roberts-Austen, in his classical researches at * 
the Royal Mint, employed a water clock consisting of a float 
carrying a -photographic plate which moved upwards between 
guides. The whole was enclosed in a case provided with a 
horizontal slit, through which the ray of light from the galvano- 
meter mirror might pass. In this apparatus Roberts- Austen 
introduced a further improvement, by, means of which very small 



Fio. 40.— Apparatus for Differential Curves. 

"variations in the temperature of a cooling body could be"detected 
and measured. This method, which has proved to be of the 
utmost service in metallui’gical research, is known as the 
“ differential ” method, and the arrangement of the apparatus is 
shown in the diagram fig. 40. 

B is the mass of metal under examination, and Ai the thermo- 
couple connected in the ordinary way with the galvanometer 
At A, however, a second thermo-junction is formed which is 
surrounded by a mass of platinum, C, and connected with a second 
' galvanometer, Gg, as shown in the diagram. In this way the first 
.galvanometer measures the actual temperatures, whereas the 
sebbnd only receives such current as may result from the opposing 
couples A and A^ — that is to say, it measures the differeficir#jpt 
temperature between the masBCS of metal C and R. 


88 


ALLOYS. 


By using three thermo-oouplos instead of two the oonneotions . 
oan be simplified, as shown in fig. 41 (see p. 180 of Boberta- 
Austen’s Introdwtion), and this is the Hrmugomont generally 
adopted in taking dillbrontial ourvea. 

If it is desired to make the irrogularitioH of an ordinary cooling 
curve appear very prououuotKl, the curve may ho plotted by the 
inverse rate method as first flinploytid by Usmi>ud in 1886. In 
this method the intervals of lime tiikoii by the sample to oool 



a. Blsatrio Varnsttn. RKt. OnM.JuKOtliUM. 

X steal undttf exftinltiittinn. f Vu 

NtfUCfAl MntAl ; or HAtifttUii. rl. (IsilvAtiiMUHtAr for T9mp9,mnrfk, 

J£hftrmo*oau]»lf» tvtv TA]ti}>t»rAtur«. II !i}. Uim)i«iuua 

ill, Dlffi»rAtillAU)i4lvA)U)rnf»t»r. 


..on^ eq;nal deorements of temperature are noted and plotted 
in terms of the temperatuxti. 

For works purposes many other forma of pyrometor are largely 
ployed) Buoh as optloal pyrometers, radiation pyrometers, eto. 

are fully desoribed in the Intmluction to 
k tide Berios, smd it is therefore uaneeesaary 
stirely mention tltem here, 
bto Sepnttloiii of the OoQ«idtti«ate of m Alloy 
olikg 'k BtdSidikSmperatureB and Freeslng oat the Liquid 
rtion.--Bxpedm*ate in this direction are dlffioult to oany otrt, 
) the results «s instruothre, and serve to ooniirm the oon- 
tirrivSdviitt the itudy of the eooling curves. In 1884 
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GuthrSfl desoribed tha. method and gave some reeults which he 
had obtained in the case of alloys witi» low moltiug-points. Very 
little appears to have boon done since, but within recent years 
Eobetts-Auston made use of the method in his investigations on 
the properties of the bnuises. The alloy is placed in a steel 
cylinder provided with two loose plungers, upon which a pressure 
of about half a ton per stpiare inch is maintained by means of 
a hydraulic press. Thu oylindor is gnuhially heated and the 
temperature detorininod by means of a thormo-oouplo insertod in 
a small hole drilled in the oylindor. As the temperature rises, 
a portion of the alloy lupiulios and is scineeeod out between the 
plunprs; by analysing the extruded portion and noting the 
temperature at which it buuame liquid, a very clear idea may be 
gained of the order in which the constituents of the alloy have 
solidified and of their approximate compositions. 

Change In the Magnetic Oharaoter of Alloys during Heating 
and Cooling, This mntltod of rouearoh is lintitod to a few alloys, 
but has been of groat service in the ease of stools and iron alloys. 
Iron, nickel, and oobalt arc tho only metals wiiioh possess the 
property of magnetism at the ordinary temperature, and it is well 
known that thosu metals, when heated, lose their magnetiem at > 
certain definite tomporatures. On cooling they again become 
mognotio, but usually at a tumperature somewhat below that at 
which they ceased to be magnetio; owing to. a reMstanoe to 
change In the metal, to which the name hytUntii has been given. 
The temperatures at which these metals Iom and mgain their 
magnetism are known as the points of transformation, and it h 
generally supposed that the loss of magnetism is due to an 
allotropio change in the metal It is of considerable interest, 
therefore, to determine the magnetio properties of the alloys of 
these metals and the influence of otiier motals on the points of 
transfomoation, Some'metats raise the point of magnetio trans- 
fonuation ; others lower it. Nickel, for example, although itself 
nagnetio, lowers the point of transformation of iron ; and an alloy 
oontainiog 28 per oent. of nickel requires to be cooled to - 80* 
^in order to attain Itsmaximum degree of magnetism. 

The magnetio properties of tho iron alloys have beei;t.iiiliM||iSi;yk 

Le Obatelier, Osmund, and Mme. OurH whose osigtiMi Mgllg 

should be consulted for further details. 
m 



90 


ALLOYa 


Until reoently manganese has been regarded as a non>magnetio 
metal, bnt it wonld seem that it Is capable of assuming a 
magnetic condition when alloyed with other metals. Attention 
was first called to the faot by Hogg at the meeting of the British 
Association at Edinburgh in 1892, and his observations have 
since been confirmed by Hcusler and others. The principal 
magnetic alloys of manganese arc those with aluiiuninnt, antimony, 
tin, bismuth, arsenic, and boron. 



CHAPTER ly. 

THE OONSTITHTIOH 0? ALWYI. 

Tbi niitun niitl oaiwUttttiim of iiistolii and «Uo]ni tioUindly 
atitnwtod tbo ottoiitiuit of tho oorljp mobiUurEiola, ami RoiMm- 
Attttcn hM poiitttNi out Uml AuUoni, Miiwtobonbroolt, wad 
B&umur wero hH oi<Ki 4 tod itt tbo atudjr %»t itUajfo in ibo oightMnIb 
oenturyt but it wuuUt thot Bajrio wm lit* ftmt to KUiotMit 

the lino of thought which hwi Iwi to uur |ireMat viowo of tho 
oonititutlon of tnotalo aud aliujra. HiMtiiwitig tbo olatw of imittor, 
bo njw: "Even ouob m are otiltd miijr rmi{4«ciiv«i^ have tlioiir tittle 
fttmwphoroe” ; and ho loidii ; " Kor no nmii. t thttih, Imo jret tried 
whether i^mo, utd oven gold, tmf out in ionglh of tine lOM 
tbrir weighb** 

Boyle wee Uterefore olwcrty of the (^tihm Ibel Mte wdid iMMi 
of matter «m not far romoved front, and ome la Cm! mnwlliy 
aoeompaoliKl by, the ili|utd or gaeeoua elatoii, Mid loro hitndrod 
yean kter hit beliof waa prond to bo ocwreot by Uie oaftorimenll 
of Meifot and Ihimaroay. 

In 1880 t^o aamo ouggtMtimt i» made by llaUhiooioa, vimi allev 
dMoribing bit oxporimonU un the itlcctriHil oonduotlvity of aUdfi, 
laya: queetion now ariacii, WImi ar« alh«ya1 Are they 

^unioel oombiiitUoiWt or a ooluiiuti of uno wnial in enotbert or 
metAumioal mistunwl And to what io Ibo rafmi doorwnmnt In 
the ooaduotitig power in many oaoeo duof To t he fiiet id ibeM 
qitMitiom," he edde, " 1 Hiink wo may atiowor that meet ettoye ate 
merely a aolution of erne motid in tbo other i 
oat« nay we aeKUine ohemloai oomUnetioM)* 

Qtaham deolared bit Iwlief thuA dm mHAi t 
•tetee probebly alwaye oohmM fat •f«r3r«^kl antaMiwei and fae 

it 


hot only ia • fpri 
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BftyB ! “ Liquefaction or Milkiifli’«li«>n may not , tiu rprore. involve the 
suppression of either the aionno t»r tUo luolwulnr lonvement, but 
only the raatriotloa of ite mtigo," in Iw j>i»lirtwi thi* belief 
by proving that gaa« were cajwiilo of poiuU wl ing huImI meUl*, lu 
1882 Spring produced bUoj'« by oiUH|»re»wit»u of the m»Utuen( 
metals, and four ytMira lator he deelBree ilwt '• «ri* nre it’d to lUInk 
that bolweon two molwHle* of twuwihil tbi-re iaa iwipolual 

to-and*frt) motion of tiie alom*." "if," bo imyn. *'llm two 
tnolooules are of the wimo kitul, oheiimwl wjiiibiiriuni will not he 
disturbed butU they are dittV'rent thm muveineiit will Im revealed 
by the formation of aew eHiietaHw*." 

From this time the roeoarehea mi slloye Iwwome mwro numomuR 
and tlie development of idea* pnweede iin*n» r<i|ii<ny. In 1888 
Reyoook and Neville demonNtrateit the itiifMirianifnut that Itaouil'N 
law of the depraaioQ of the fn*eitittg {Miiiit »f wihmite ie in many 
Mses applioable to melak ltoberia-Aw»««H. ountinwliig flraham'a 
w«k on difliaiwj, publiahed la 1«»8 hi» «>liui»nMl moarohe* ou 
fUffUtloQ ol inetala, followed by auoilmr {wtiwr, bi whieh he 
riwwed that dUhuion took place betwrvu mmale iit the solid 
state lu tiie same way as in the liquid eintc, though mure atowly. 
Four years latsi he was able to prove ilml gold traa oaiwble of 
diffusing into lead at the cndiuary temperature of the atmoephere, 
From the foregoing brief hiatorioal sketch of the nwearobea into 


the oonstitution of alloys it will iw seen that the trend of mmfem 

S arah has been to prove that ikt aoiid state of natter is 
|||; Selated to the liquid and gaieou* atatea, sad tiiat metals 
vnio^wt to the tame laws which govern the behaviour of liquids 
and gases. Moreover, just aa in the osaa of inoriputio bodiM we 
%dOgnise the exiitenoe of elemeute, eompounde, end eolutione, 
dto ln i^ ease of metaW wt have pure metals, oompounde, lutd 


soludona, and It ia unportont to know how Uieae paeaible omt* 
otow fat aa alloy. 

^PP^pIMetoigfih^fed In the inveetiga^on itf ^ oonstitu^oo 
kave alieidy been deeoribed, and it only remalna to 
tesnlta bbtainad ly Uielr um and the oonolttalona to 
be drawn from them. It bea already been mendonad that the 
pyrometer and the adoroieope haiw fawm ^ the greateet eervloi 
^determining the oonetituthm of idtoye, end wt will therefore 
IlllljllllJhf (Uflhr«at typae td ouwe lik^ to be met witit ami 
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thtt couc’lui^MHi^* whirh i«^*y W *lrii«ii lh«» r 

ovkieiioe of Hio 

If ft teittptfttum WMril, <I *'r <4iiij^ *‘tirv*% * »« Ui.r-n nt # |mt«r 
metftl tJOoliiiK tVoiH ft pmf )^lnm itm pma, %Ht> 

o«rv« ubtiUUiHl in 

but if ft ftio**^***" **orv0 in *1 **f ihf»ul utwtltiig m 

tempottitori^ 4u j«»nit tliw frunlt l* n ifttuilnf 

to thono fthown iu bg. At Or»i ih*^ l♦armftlly 

ftod ft wttooUi «.nir¥ii m boi nm «» ihr 

ofthftmetiU iftruftntml ftuil H \n^^mn iI»p 

romtiun outintnut ftiid m « nir^nsgl*! Un*f imUl llm? 

ifttftnt hrftt **f fmm% m tml* nlwn iii*? 
md th« rt»iimt«*br tif iht» miftnftl m lw»f*iMnn, Tli#r«i im 

only o»ft irrfgiilftriiy Im thm ininrm* ftiul Ih^ m«i#l tmmm m 
ttoUdififtii mi ft» whoift ftt ufii» ^ In iii»in«» 

if in wy joiri* «ii«t Ui«? iftlK** nbmiy #i»4 

without ilinitiriftMto#, ihi? tr*n»|i«9riiliirfs iimy Wb»w ili# 

tyiti fSrorfting'fiOHli of JIup Utri«k\ n»4>-Ut4«'-#<u»n Imlllnt 

plftOi* Wllftll fttlinllllfOitlMil iliitrn in^riir il»« 
uuddftrtly to tlio irti« jw ua nmi iWtr iiniil 

nolidiliimutm i» TIh« inipr“«Hft4M*g **r nmlninAm ilm 

moUl oftum^ ji nliiiUi io th^ mfV9 i^i ib# bnybui^m 

of tiift fttmiKht liiio ro{imiofiUiog 111 # fr«Nidkig*|ftft»l, 

in th# odobtig ounro t»f un ;;;; — . 

A iimplft cmnrft wiUi mily rnm boriioftliit hmJn, «AM»irittg lluftl 
tbo miitftJi hftii ftixtiilihfMl m m wiml# ml o do^oil# fai 

i&imiiorlftiio of fuiro nn»Uilft» p^m toloolidi, Mil 
•oild ftolutimm. Ciifttifliml noftlynii iiooom|mutifti ft mkmmpMi 
ftlftminuliMii Witt lit oiir# uaUt^mip wlitob of ib« throi it mudm 
ocftiiidomUoti. ^ 

4 woni of oftfiiftnuljiim i*. nas^mmrjt lift lo ibt moMitif 

txpniiniiiii m»i^i m ii %» lrfi|mnilly 

bimm»oUy> Cntiftiiitiir^ limiy tlift ol ft I(>|tit4 pnliiimi! ftod 

thf otifttnu^toriiiticift whirli dftfln^ ft »aiui»Mii Witon ii ftotid 
iobilfttioo In dimmUoii in n Hqitlil llio pNitioitu of iIhi ioUd mm 
no traiomtoiy mixftii wtili lhi» ln)niii iliftt lliiy OMii^ to mm§ 
ftWi with thft ftki of ibft ti»ioro«oi»|}ft, uml Ito 'toilMtoikllll^ T 
llliy {wnioto ftfo fiNihio ilmy tro mpM» of totatf 
^ l» ihii »i«» w» iiimmg iiNii tof < to * <>toit|i l^^ luiblik 
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nieohAnloill mMtw, siioh tut flUratinn, mtd nm tioi. in noluUtm, 
The ohanvoterietfo* of a Ktiluttou, thttii, Are tiiftt the iMrUoltie of 
(he dissolved suhetmioe oaitiwt lie dotorted «mi imiinot bo separated 
by meohanioal weans. Now the saiue deAnitiun may be applied 
(0 solid bmlioB. In a masa of guhl, for osantpio, ountaining silver, 
the silver ouinot be detootod under the bighoet pttwors of the 
miorosaope, nor is it capable of being ■c^wntliid by meohanioal 
maans. The alloy solidihoe and oiystaUiAMi as though it were 
apuremetsl, and the mixture of the two tnetaia is so intimate 
that there is a atrong analogy botweeii it and a liquid solution 
Van’t Hoff thersfom desorilxd auoli a mixture aa a solid solution, 
and the ezproseion is now in gctteral use. 

Solid solutions, however, may not always be homogeneous; 
they may vary in oonoentration. Thus copper (mutaiuitig a 
adoall quantity of tin (not oxoeeding 8 {wr cent.) ditos not separate 
into two oonitituanta; but it does nut solidify at one temperature. 
A« the mass oools down, aimoat pure oopper separatM out at Smt, 
j|p as BoUdlf^tiDn prooeeds. the portion remaitiing liquid 
lletomes more ocmoentrated in tin. The otdy indioation of this it 
found on etohlng a polished surfaoa, when the nnequai aotion 
of the etching agent showa itself in eitaded bauds as seen in 
photographs 9 add 10. 

Host i?otali are more or lew eoluble In one another, but the 


degrew of solubUity are very 4a regards the struoture 

^ metals and solid solutions, It msy he remsrked that ^cy do 
erystalliee like ordinaty liquid eolntioiia, but mors olmsiy 
^^^pe viscous Bolutiona Well-defined or idiomorphio oryatahi 
at# selibm found, while crystsliitee or the inoiplent forms ot 
f ; mystals are predominant. On annealing, however, title orystaiiitie 


structure is Mplaoed l:y a weli-defined crystalUne structure. 

37 and 81 are exampim iff tite oryitaliitio, Mid 
.the crystaillne struoture. 4 ourlous point to 
I p^^M M^OitSt^bae etraoture is that rolltug or hammering 
IH^^B&iilsii'twiBnlng of the otyetidi, while in unworked 
Vfimlei oases of twiaslne ate not assn. 
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three kiiides (1) It iiiey »l»o« » eiuKln htf*«k kI % UHitiimiliire 
below that of the {mre iiit<lai, elinwititt that the ali»^ in a miIhI 
Bolution or a porw I’Hlwtie. (9) It may nimw i«m brenka, Imlh 
lower than that of tho pitro torUl, nhowitiii ihat the alloy ooiitaiua 
two cminlitHotitH tneUitii; at thlft’reitt lejoj^umliirmi. In ttmnl 
OMeii one of the ootintituonta will Iw fooitcl to ha a outiwiioi 
but they «t»y Itoth la’ ••‘lid nolulioim or olio of them may In* a 
oonipoutid. (3) If the I'lireo ahow* two lir«eih», niie hijthor than 
the BttolUiijJ-JHJfot of tho pure no'lal, it may In* lahco for uraiilod 
that tibia break ia tltie to tho aohiiihoatioii uf a diyltiulo eoin|«timti. 
•nt* typea of ourvea will In* omra foily dmll with iator, hut in 
the meantime w« mnal •iolioo tha atpreoaione MilivfMf antt 
(lempoHmfi and etiswt<ior their mioroaottpieal appnMmnoa, 

Tho term ”eiito>'tie" «aa Amt uwwt by Clutiirie to tndimta Utn 
miiture or alloy (wnnioMnig tho luwewt (Vaoaiog’pidnt of a aariaa. 
This freaidtig-potnt ia aUaya below that of tha mmnt of tha tnebUe 
of which it ia eom]nmo<t Tha autanlie atmomro ia «t»m|n«o>l of 
the diflerent eotmtitoanta in loxtiif hwiI ion, but tho atrneinro in 
alweya very email ami rmimrni a tiigh magioAealion fur it* 
reeolutbn. Tha ooiMittni'Hi* of a oulaotio may ooeur in onrved 
platae huminia. nr in jtlobiitoa, and oithar or both may be 
iim{>ie metata, aoUd anlnttona, or oominntnda. Typaa eitilMtio 
atruotiirea are abtram in phob^mpha fl, 7, 8, and I8i. me» 

Teryahaniatoriatiti, aitd oantmt oauiiiy b« mietaheit. 

iNie tern romptrutif or motn/fio tmtipmmd k ^^ied lo liioae 
oonatltnenta of eerlain atinya whhdt maaniUe ohemicaJ eo«a|Knitid* 
is their pruperUaa. Tho fimiHitfon of tfiaea eornfManda w 
aoeompaiiied hy an avelnUon of boal, and Ihay are idmoat 
ifivariahly bard and brittle, with melting poinia higher tibaa the 
mean of their oonaUlMenta. Tho motab of ahieh they MBb 
{weed onmbina, ae nearly aa nan in* |tuig«d, in alomio proportJona ; 
but thair oompoaitian eaoiuit anally ba doirrminod, ae they aft 
(weeaionatly aniubb in, or thamaaieaa diaaobe, tho tnetab of 
wbbh Uiay are eoiupuaod. They ean uauatty bo aeparated from 
as alloy by diaaoiving away the luntHtnding mataJ, aitiiai' with ar 
withoQt tha aid of an alaetrie eurrant^ but It ia ImpcwiiUa to aay 
wbatiier tha eoin|Kmod thua aapamtad b pan «0 BQIp« MlMMh 
eompmuide can uauatty be dataotad oadar Iha ntaMagpo- ppipl > 
thiy happen to be aolubb ta ana af tin oiltar aoaiiMa«ii<idill ^ 



96 


ALLOVa 


sometimes, but not frequently, the ease. Ocoasionally they ctys- 
tallise out In well-formed orystela exhibiting atigliw and faces, 
but more often they simply ooour as orystallitiM. However, the 
grouping of the orystiillites often throws some light on the orystid 
form. Photograph 2, for example, imliostrs a very definite 
arrangement of orystallites, and the eomjHmtjd shown in photo- 
graph i, which has heoii wipamU'd from the alloy by solution, 
showt a well-formed angln at the extremity uf one of the arms. 
Photograph 6 shows a well-formed crystal of the same compound 
ooourring in the alloy. This Is an excwptiotially intorenting 
case, as it is not usual to find two metals forming such well-defined 
oompoonds. Oomponuds of metals with the non-motais, however, 
such as phesphoruB, form very well-defined oouqiouuds. 

Having now considered the pouihie eonstitHents in an alloy 
and the '^pes of eoolhtg curve which they produce, the next 
step is to follow the complete series of alloys formed Itetween 
sny two metak In order to do this a large immhor of oooiing 
dPVM must be taken of alloys varying in coiiqKMiiion and their 
ttmoture examined miorosoopioally, The freosing-imints or 
breaks in the ourvei are ndxt plotted in the form of a now curve 
with compositions and temperatures as ca-ordinates, so that the 
fireesing-point of any alloy can be seen at a glance. This curve 
has been dmoribad by Uantier, and is now goneraily known m 
the “complete firoexing-puint curve** for thid: mries of alloys. 

. «Ite Ohatelievhas olaasifiod binary alloys having normal ourves 
^p asHfility under three hands 

^pi;«@ums ooneisliing of two branches starting from the melting- 
^inll pure metals and meeting at a point corresponding to 
euteotio alloy. A ourve of thie'daeoriptlou is obtained when 
tho ^0 metalB are not isomorphous and do not form definite 
i^mpounds. 

A , Th2 of lesd and tin, lead and antimony, and tin and 

to this group. 

^^^di^.ootaUittag of three bianohae, two tl»rtlng fipom the 
of the purs metals and a third having a maximum 
^int due to the formation ef a iMnlte ehemioal oompound, and 
■crossing the other two In two pdints oormpondinst to two •ut^ee. 
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3. A single curve uniting the melting-points of the two pure 
metals. This is a case of pure iso- 
morphism, which is comparatively 
rare amongst metals. It is, how- 
ever, shown in the case of the gold- 
silver alloys. 

The microscopical examination of 
typical cases of these three curves 
will illustrate their meaning. As 
an example of the first curve we 
will take the alloys of lead and 
antimony. The f reezing-poin t curve 
of this series shows a minimum at 
a point corresponding to 13 per 
cent, of antimony. If the alloys 
containing less than 13 per cent, of 
antimony are examined under the 
microscope they are found to consist 
of soft fern-leaf-shaped dendrites of 
lead surrounded by the eutectic of 
lead and antimony, the amount of 
bhe eutectic increasing as the per- 
3entagc of antimony increases until 
bhe alloy containing 13 per cent, of 
intimony is reached, when the whole 
nasB is composed of the eutectic. 

Wien more than 13 per cent, of 
Lutimony is present hard crystals 
»f antimony make their appearance 
Q the eutectic, and these increase 
.8 the percentage of antimony in- 
reases. Owing to the superior 
lirdness of the antimony crystals 
hey are easily visible by simply 
oKabing and without any etching. 




Tig. 42. — Three Curves repre 


senting the Ooustitatiop of j 
Binary Alloys*. - ■' ' ' ^ 


-The second type of curve is 
^ell represented by the alloys of 
llper and antimony. In this series thispe 

— ding to the alloys oontainincr 26 and 71 net oeiit. 
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copper, while between those two jMtiiile tin* curve rises to a 
nuuimuiu oorreBpondinff to 60 per ooiit. of voppur. This is the 
oompositiou of the doliiiito ooiiijsiuuii ShCii,. Blurting with pure 
antimony, and adtiing copper in iuemming tpiautitiua from 0 to 2B 
par cent., a mioroBcopioftl oxaminution will reveal cryetals of 
antimony anmnindod by a outeetie, the orystuls Ueoroasiug and 
thu outeetio inoruaaing in quantity until SB pur oeitt. of copper is 
rooohed, when the whole alloy is nia<lo np of tho enteotio. When 
more than 26 per cent, of copper is adtied a now oonatituent 
makes its appearance in the form of orystnlHtes having a distinct 
violet colour. Those orystallilos inoruMo in quantity until the 
alloy containing 60 per oeut. of copper is reaotted, whioit oonsista 
entirely of tho violet alloy, llolwoon 80 and 70 per cent, tho 
alloys are found to oonsist of violet grunts surrounded by a net* 
work of euteotio, and when 70 {lor oimt. is passed dendrites of 
copper are seen aurronnded by thu second euteotio. 

It will be seen that the alloys whiuh fall nnilor the sucoitd 
group in Le Ohatelier's olassifioatiou, vis. those ftfrming detinite 
. .ohemioal compounds, really give the same eurves as tho alloys of 
the first group, but duplioated. That is to say, thu curve may 
be divided at the point representing the compound und eon* 
sidering tho compound as a separate oonatituent (which it is), and 
not as an alloy. The curve is then reeolvod into two curves of 
the first group, and represents two frsesing-ptiint curves of two 
eeries of alloys each formed by a pure metal and a compound. 

^ The third group of alloys is ooinparativciy wre, ss very few of 
metals are isomorphous. An example, however, is found in 
tJie case of the gold-silver alloys. The freesing-jsdnt curve 
oonaitts of a single branoh uniting the melting'poiuts of gold and 
sUvw, and a mioroaeopioal examination fails to show thu existenoe 
of any euteotio or any definite compound. The prupertiee of the 
AUoy's pass gradually &om those of gold to those of silver, 
l^^'ese three groups of alloys have beea dosoribad ai having 
||TOiaal ourvei of fusibility ; but In a large number of alloys Uie 
Jtibiiicryes ast more or lest oomplloated. For example, it may happen 
l^lftt^piie metal is only partially soluble in the other and is at 
time capable of nnitiog with it in different proportions to 
.definite compound. Apia, a oomponnd may he partially 
in the ]^ure metal, or may be ismnorphous with one 'of the 
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^***<’1* iKunpl^x I nuit wr#* 

obtwntKl, wli«»««* mt'iittiti>( o»h uatl^ Iw iu|ii1iiuit )l by iuj4 

laboriouH iwiin^h. Th*^ i*lltiv» tif riijip^r /mil litt yivu t«i « 
complex fiiuf/ifiji |Hiiiit atirvu i uml m thi»»n 
more ftttentbau thaitii »tt)* Mftmm, lli*»y mity \*f* m «« 

illuetration of IIm* wlurfi nmy W m 

to undorwlritiul the tuf Ht s»f 

Fijjf. 43 k the mioplrli^ «#ri[i<iri ttf mtrftm |»n* h U\ «m<I 

Neville, »»»] roprwtite n«i the reMtii« from fhi» 

oooling oiirveiiof the ^Ihij^e, Inii »!»«* llie *d » t<nry 

miortmeopioel exauiuimihiii hi ot^ln Ui utiih mUnd ih*? 
wbioh tiike pliioe lit ih« mditl elh»y »s nhu^h nive ri#»» l»re«k« in 
the cooling rnirvim, He; 5 ft?Mek mnl N» Mile hitve tjhe pUn 

of queneltlng the eSItijre letepmiinre# i^i»t| h£»tf»« Ihe 

breakeehowN hy thr pynmwU^r, lhti*i fUing the nfrmitare «rf the 
alloye at theae teiii|ft»riitiirim* mt ih*»y eiaiMuml Miider 

the miaitmoape. h «llitgmm wfiaeh givi;‘!!ii the feini^erntnre el 
whioh obattgea lake U% the m$M end h«|m<l elleyfi tm 

keown at an etitnUhrinfii diegmin 
The our ve AlU^hKFUHJK im ih» freeiMig jw»nii eurve *4 the 
alloya^ and haa hmn tharnlxd ht Fnd liekhMiii an 

th& imlimting flt«t wlmn the UtnimmUifw *« ahntp# Ihiii 

line ^e alloy ia aulirelv leptiih 

Tbi lino Abloriofl^kgll iriK' haa aittnkriy boon mllod lh«» 
Botidm mirvo, iitiln^htig that al loiiitioraliifii bdlow thk lint 
thealloya an? etUtraly mAkti. Ihiit l»o oiirvtii ihen» m 

aiHgioB in whioh the alhiya aiw (tirlijr llqiikl and |mriU mAni. 
Attheae inmpcMratttnai flit ntUym mndal of a iolW mlaUvaly rioli 
itt oopper and a ilqnJd relatively ritdi in tin. 

The Hnmi below tht ei?iidtm nnrve tndimta nlmninw taking |iliic<» 
in the iolid aitoyn, atnl havn liaen arrival at hy a mHiihinaUiMi ol 
pyromttrioal ami miortMopimi m^mmunUmim 
Heyoook and Ntvillt rwooffiiat ala iUNriniti iiu«»n{« ui I he 
in aU(^. TbtM «i« - 

riWtmMhhltNml 0 , which U a a«4kl mr*hiinnt uf tin and ef»p|3ti 

Iriulng not morv tiian S per ewnt. nf Un. The {tortiona 
of altnoit pure oopper, laavittg a UquM 
;il9« /{ and > are aiw> aoikt iolrtiBa' -it ■ 

fa Aflbrtuf frrai aaeh uther is CHTatataiO tom. fl# J9 mymit'' 
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contain from 22*5 to 27 per cent, of tin, and the y crystals from 
28 to 37 per cent, of tin. 

These constituents may be described as transition constituents, 
as they are never found in a slowly-cooled alloy. They exist, 
however, at temperatures above 500* and in alloys quenched 
above that temperature. 

The conBtUuent 8 is believed to be the compound Cu^Sn. It 
Is almost white in colour, and does not crystallise from the liquid 
alloy; it is only formed when the alloy cools below 500*. 

conBUtumi E is the compound OugSn. It crystallises in 
plates, and is easily separated from the alloys. 

The constitumd H is the compound CuSn, In the slowly- 
cooled alloys containing from 40 to 90 per cent, of tin, this con- 
stituent is found bordering the crystals of CuaSn, whereas in the 
alloys containing from 93 to 98 per cent, of tin it occurs in the 
form of hollow crystals, which Heycook and Neville have suggested 
may be due to the fact that the crystals have formed round 
nuclei of CugSn, and that the nuclei have subsequently been re- 
dissolved. 

The temperatures at which these constituents are capable of 
existing are indicated in the diagram by lines which divide the 
lower part of the diagram into compartments. It is thus possible 
to see at a glance the constitution of any particular alloy at any 
temperature. Consider, for example, an alloy containing 15 per 
cent, of tin cooling from a molten condition. At 950* crystallites 
of almost pure copper separate out, and as the temperature falls 
these become richer and richer in tin until at a temperature just 
below 800* the constituent j8 solidifies, and the whole alloy is now 
solid. •Whenthe temperature falls below 500* the constituent ^ 
is no. longer stable, and the alloy splits up into a mixture of a and 
8, in which condition it remains at temperatures below 500*. A 
glance at the diagram will show that some of the alloys, especially 
those containing from 23 to 40 per cent, of tin, undergo very 
remarkable changes during cooling. 

The constitution and properties of a series of alloys may be 
conveniently represented in the form of a chart, of which fig, 46 
is a einxple case. The curve at the top is th© oompleto freezing- 
onrye pf the lead-tin alloys, while the curve immeSi%ygly 
l-^plcw constitutional composition. Below' this are 
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plotted the tensile strength and elongation, m that tha 
properties corresponding to any struofcura or connUtutfoii mm b0 
seen at a glance. 

From a theoretical point of view the atibjeot of trip!* 
has received a great deal of attention within the lu% few jmm 
The first complete and syatomatio investigation was due to CfaiMrpjf« 
who selected the alloys of load, tin, and hiemuih mi being Itie 
simplest possible series of ternary alloys. The freeing pulitie <*f 
the three series of binary 
alloys, lead-tin, lead- 
bismuth, and tin-bis- 
muth, have been deter- 
mined in addition to 
those of the ternary 
series lead-tin-bismuth, 
and the results are 
plotted in the following 
manner. The composi- 
tion of the alloys is 
represented graphically 
by means of an equi- 



(fig. 47). The three 



vertioes A, B, and 0 represent the three oonetitiMtil Md 
My pojnt M the sides oorrespoads to a binary eilw ^ 
metals at the extremities of the Une. Tarnaw JZm at. hhJT 
«Dted by points inside the triangle mi tbL 
perpendiculars drawn from the point to the 
Wte the proportion of meW A ; Mb the ZtUtoa rf ^ 

In Oder to represent the variation of a eertain nn.^. 
fusibility, for instance-— a perpmidioukr k nhkiMt r ^ 

<» «» Pi«» d ^ H.t 

that peipendioolar proportional to tii« t*.. ^ mj,*. 

^ of these points oonsiitnt*. - I# thm 

SS^d-BSSiSr “ 

»n >*w«th aUoys, go4 h*g lyigg 
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of the surface of fusibility (8g. 48). In tibia diagram the surface 
of fusibility of lead, tin, and bismuth alloys is composed of three 
zones, which, by their interaootifHjs, give the lines Be, E'e, and 
the points BE' and B" oorresiwaidiiig to the three binary eutectics 
of load and bismuth, load ami tin, and tin and bismuth respec- 
tively. The point « oorresponda to the ternary eiiteotio containing 



7ie. 48.-~S«r&oe of Fusibility of the Alloys of Lead, Tin, and Bismuth. 


32 per oent. of lead, 16‘S par cent, of tin, and 59'6 per oent. of 
bismuth, and melts at 26*. 

Alloys represented by points in the triangle lying above 
wjjjtl, on idldlfloation, deposit IcMsd flrit ; and in the same way sUoys 
^pnsai^ffMd by points lying between EsB" and Bi and- between 
B'sB" and Sn will first dsposib bismuth and tdu respeotlvsly. 

These results have been fully oonfirmed by tihs mloroseopioll ; 
examination of the alloys. 

Within recent years much has bsen written upon the oonsfitu- 
bion of alloys from a theqretiosd standpoint, and more espewally ; 
the point of view of the aoHsalled Phase Rule first enunoist^,;; 
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Willard Gibbs. This rule stiates that — it 4» neceMary to 
moltoular ^eem in mkr to oonstruct 
aeon^lftt Mwogemm tqyiUhrivm condtitimy of n+1 different 
jmm. At one partimilar temperature and proBBuro only is it 
ij,letohavew + 3 phaHoa in ofiuilibrium. Thus, to take the 
iLnplest possible case, the compound IlgO is vogardod as a simple 
species and therefore n«l. Now, there are three 
possible phases in whioli Llim eompoimd can oxiHt, viz. ioo, water, 
and water vapour; but acoording to Gibbs’ phase rule only two 
(»+l) 0*0 remain in CHiuililtrinm except at one critical 

point. Thus a condition of equililu'inm extending over a certain 
range of temperature and prosBurn may be eBtahlisUed between 
ioe and water, water and water vu[,)otir, and ice and water vapour, 
but only at one temperature ami pressure (0-007 B* and 4*67 mm.) 
can the three phases occur together. 

A more complicated case (which has, however, been thoroughly 
investigated by Booeeboom) is to bo found in the conditions of 
equilibrium existing between water and sulphur dioxide. Here wo 
have two molecular speoioH (« «« 2) and four poHsihlo phasos, viz. : — 

1. A solid hydrate SOj,7HgO. 

2. A solution of SOj in water. 

3. A solution of water in liquid 80,. 

4. A gas mixture of £30, and H,< J, 

It has been proved experimentally that only three (»+l) of 
these phases oan exist in a condition of equilibrium exoept at the 


oritioal point. 

It is evident that the applioaldon of the phase rule may be 
extended to meet the case of alloys with the objeot of determining 
the number of possible conntituonts which oan exist in a state 
of equilibrium in a given system j and this has been done by 
Eoozeboom in the case of the iron carbon alloys. The subjeot is, 
however, a oomplioatod one, and can hardly bo said to have added 
much to our knowledge of alloya. The student who wishes to 
follow it up should study the work of pliysioists (and more 
especially the maeterly reeearobee of EooKoboom) before attempt- 
ing to deal with the theoretical oonolusions of thoae wlto 
perfectly acquainted with tho subject. . ■ , ■; . , ' . 

Relation between Oonstltatlon and 
■fbe relation between the constitution saod the meohairieai pro- 
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perties of aa alloy is olearly defined, and the anhjeot is of so mnoh 
importance in the industrial applications of alloys that it deserves 
the closest attention. Fortunately the number of eonstitviente 
which may be present in an alloy is limited to four, via pure 
metals, solid solutions, oompountls, and outeotios, and it i|s only 
necessary to consider the nature and properties of these oon- 
stituents and their influence on the properties of an alloy. 

Pun meialt are relatively soft, lualloiibla, and ductile, and 
when present in an alloy tlioy tend to impart these qualities 
to it. 

SoHa toMionii, as already stated, possess properWes simiUr to 
those of pure meUls. They are relatively soft, malleable, and 
ductile, and it may be pohited out that prautioally all the in- 
dustrial alloys which are cajiablo of being cold rolled, drawn, and 
spun consist of a single solid solution. Brass, bronze containing 
less than 8 per cent, of tin, malleable phosphor-bronze, ooinage- 
bronze, aluminium-bronze oontainlng less than 7’6 per cent, 
of aluminium, oupro-numganese, oupro-niokel, German silve^ 
standard gold, magnalium, and some of the nickel and manganese 
steels, are examples of ductile alloys consisting of a single solid 
solution. Standard silver may be regarded as an exception to the 
rule, but the quantity of euteotio in standard silver is very small, 
and the silver-copper euteotio is much more ductile than most 
outeotios. Alloys consisting of two solid solutions are less ductile, 
but are still capable of being rolled and worked hot. Muntz 
metal, manganose-bronzo, delta metal, and a number of other 
“ special bronzos '* and brasses, are examples of these alloys. 

Gompovmdt are harder than the metals of which they ate com- 
posed, and brittle. They deorease the duotillty of the alloy, and 
tend to lower its tensile strength. On the other hand, they 
inorease the compressive strength of ^e alloy, a property which 
is of great importanoe in the case of bearing and antifriotion 
at tiie same time they improve its working qualities 
>^i%ards turning, filing, eto. . The Industrial alloys of this olass 
iholude bronzes containing more thim 8 per oent. of tin, east 
phospboiNbronze, all the white metal antifriotion alloys, and the 
aluminium alloys containing ooppsr, niokel, or tin. 

^hOeetioa are brittle, and posBess lower melting-points than either 
eir oomponents, Owing Jo this differenoe in melting-point 
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tibe eutootio portion of tia ftJloy sepftratM between the or^stals of 
the other oonstitoent, forming a network or ooraont* with the 
result that the ultimate strength and ductility of the alloy are 
praotioally the same as those of the eutectic. It follows that alloys 
'oontaining euteotics are, with one or two exceptions, unsuited for 
flonstruodonal work. Their principal employment is probably in 
the form of solders, in which the diiferanoe in melting points of 
the oonstituents enables them to he mauipulatod while in a semi- 
fluid or pasty oonditlon. The onteotio of iron sad oarbon known as 
pmUit is an exception to the rule and is unique, as it is formed 
after the steel is completely solid. The mult of Uiis is that the 
orystals of iron are not surronnded by euteoUo, but the euteotio 
is itself surrounded by free Iron j so that the formation of peariite 
in steel is rather more oompamble, as regards its infiuenoe on the 
meohanloal properties, with the formation of oompounds in other 
ailoys. In order to distinguish a euteotio struoturo formed after 
solidifioation from those formed in the usual way, the term 
Mttectotd has been applied to it 


^ Alloys oontaining eutootios are sometimes rendered useful by 
ohaUng or cooling them rapidly, so that the euteoUo is not pw- 
mitted to solidify between Uie oryitsis, bat Is evenly distributed 
throughout the man of metsl. Ham, again, the eutsotb {days 
the part rather of a oompound than that of a normal euteotio. 

So far we have only oonsiderad alloys of two metals or binary 
alloys; but when we oome to tiipla alloys the not 

groatiy Increased, for we find that tits alU^ oontahi, as before, 
only soUd solutions, oompounds, sx^ autsotloa. It is true that a 
, solid TOktion of three metals may met In hardness, stoength, at 
diMtility ftom a solution oontaintog only two, and it is oqs^ 
true that a euteotiio (rf throe metals has a lower melttng^iat 
than a euteotio oontaining two, but the generid oharaoteriatimi ol~ 
the constituents axe the same. Solid solutions are the duotlle 


oonstituents} compounds are the hard and hrittie oonstituents} 
euteotics axe hard and 'brittle and tend to solidify between the 
grafaja of the aBoy, tims rairdng its duotiUty. 

It is evident, therefore, that th# study of i|ss 
ytPMfitution of alloys is of the utaiost i 
understanding to he gained fri 
toptiriaea on the meohaaioal nxnesiii 


no 
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of fcha various ways in which the mechanical properties of a metal 
may bo affected by the addition of another metal (or non-metal) 
lot us take the case of a motal, copper, to which zinc, aluminium, 
tin, phosphorus, load, and bismitth are added respectively. 

1. -fftno.— •When zinc is added to copper the tensile strength 
and elongation gradually increase until 80 per cent, of zino ia 
reached, but beyond this there is a decrease in the ductility of the 
alloys as shown by the elongation. With 40 per cent, of zino the 
alloys ean still bo rolled hot, but with further additions the falling 
off in ductility is ho rapid that they aro of no use for oonsbruolional 
purposes. An examination of the structure of these alloys reveala 
the fact that 80 per cent, of zino is soluble in copper, forming 
simple homogonoous solid solutions, whoroaa with more than 30 per 
oent. a second oonstituont makes its appearance, and as the pro- 
portion of this aeooud constituent inoreoses so the ductility of the 
alloy deomsss. 

S. Almimum, As in tine case of zino, the addition of aluminium 
to vtpgvt raises the tensile strength and elongation, hut in this 
ease ^e maximum elongation is reoohed with only 7 per cent, of 
idttminlum, end beyond this the falling off in ductility is so rapid 
that the sJloya with more than 10 per oent. of aluminum are practi- 
cally useless. The structure of the alloys shows that only about 
7 per oent. of aluminium is dissolved by copper with the formation 
of homogeneous solid solutions, end with more than this amount 
a second and metremely hard oonstituent makes its appearance. 

8. 2\{»i.--Wlth tin the falling off in ductility is very rapid, the 
elongation being reaohed with less than 5 per oent. of 
tin. This is explained by the foot that although copper is capable • 
of diSBOlvlag 8 per cent, of tiin, the solid solutions so formed are 
not hom<^[en60U8, the first portion of the alloy to solidify being 
almost 'ptw|»6oppey imfl the IsiSt portion oontauiing most of the 
IB&buj# tlse maximum duotility is obtained with much less 
pay oent. of tin. The properties of the alloys may be 
i^ ( ii )ii|y(M!| t^«ome extent by heat treatment) hut for the moment we 
XK pnly oonsidering the naturally cooled or oast alloys. 

Phoi^hma, — k small fraction of 1 per oent. of phosphorus 
in copper is sufficient to completely destroy its duotility, and the 
reason for this is obvious if we consider the ooastitution of the« 
alloys. Phosphorus combines with copper to form a welM^ned; 
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J^Leutegfl of phosphorus which i..flno«c«. the 
IpLes of the copper, uor eyon tho poruenter of 
IL, but the percentage of entootict mA wlo-u *e 
thS 1 per cent, of phosphorus is etn«val.n.t Ui iunw iU» - - 
cent, of eutectic, and that this eutocUo winch ...rf < • 

Bolidifias between the crystals of ooppor, tl w no* d.ihvuU .. 
understand how a small quantity of phmpUonw m., .u.rl .«cl. * 
marked influence on the meohunioal properUe* of th" 

5, Xsod.— Lead does not alloy with <«|ipir hut eejiarwlee «»oi 
in the form of minute globules of metalHo lead. !»« tl‘t« 

it has a relatively small offeot on tho stmigUi i«( «li» 

Moreover, the speoiflo gravity of lead Wtt« l*<«h«« 

than that of copper renders its influence still >* •= 

important to note that the moohaitiottl praj«rli»» i>f •>< 

governed by the volum of the ooJiHtituunU and »*.«» i<t 
we^ht. Hence, comparing the Influeno* of 1 per«*’«i *■* 
of lead and phosphorus, we find that the oiawWueni* •«<>. 
the mechanical properties of the raotni are 0 « per *»*ii *m ih* 
case of lead and 12*1 per cent, in the osee of |ih«|»b«rwe TW 
relatively small influenoe of leed on oopper and lie all»y» te 
by the remarkable strengtti of the eo-oalhel "{deatle 
which often contain as much u SO per oent. fd tend. U is i<>>« >i!n» 
however, that this only applies to tihe tnetal In a omI (Utov •* 
oopper br bronse oon^ning a oonstltuent niwtiiug wi •» »«« • 
temperature as 327* oantiot be workwi tu «tiy appm uiMe MMnf. 

6, JUtmulb, like load, dues not idhiy with wipiMt. i»a 

lead it does not separate as wniatctl gluhniiw imi {ootiea tliMi 
network or fllm between the cryatnlR uf cupimr It i ti»*i 
anything above a tiraoe of bismuth in oopiwr rvmici ■> it u- 
to be of any use. 

; F|^, a consideration (d the forc^uiug uaMitpii* «i ».4 w •««»< 
fta added metal tw the n m i ^mwd i mif s eWlw 
i a *e(W or alloy depends on («) the oawUtitNt hi ed>li|iili!|iWi» 
gietjter It remains free or enteoi hslo dbwiiwi <— 

» or form it swumei, ead (e) Me vd^ine. 
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These questions are of vital importance when dealing with the 
influence of impurities^ for it sometimes happens that an alloy 
may be perfectly good or absolutely useless according to the 
chemical or physical condition of a certain impurity. Moreover^ 
the presence of such impurities is occasionally unavoidable^ and 
the problem then presents itself of finding some means by which 
they may be rendered harmless^ or at least as little harmful as 
possible. This may sometimes be effected by heat treatment and 
sometimes by the addition of a second impurity which, by com- 
bining with the first, causes it to assume a different and less 
injurious form. As an example of the change brought about both 
in the chemical and physical condition of an impurity by heat 
treatment we may take the case of steel castings. In these a 
portion of the silicon present combines with the manganese and 
sulphur to form a silico^s^ulphide which separates between the 
crystals of iron and induces brittleness in the metal. On anneal- 


ing, however, the compound is decomposed, the silicon passing 
into solid solution with the iron and the manganese sulphide 
aggregating or balling up into isolated globules which may be 
regarded as practically harmless in a casting. The change in 
structure is illustrated in photographs 56 to 69 . 

An example of change in form induced in an impurity by the 
addition of a second impurity is also to be found in the best 
known of all alloys, steel. In the early days of the Bessemer 
process it was found that the steel produced was of Kttle use 
owing to its brittleness, and it was not imtil Mushet suggested 
the addition of manganese to the molten metal that good steel 
was obtained and the process became a commercial success. The 


explanation of the di'ffioulty is now perfectly clear. The sulphur 
jn^the steel wmbines with part of the iron to form sulphide of 
wm, and copippupcj havmg a low melting-point separates out 
Ratals of iron (just as bismuth separates between 
copper as already noticed), giving rise to a biittle 
however, has ^ greater affinity for sulphur 
"ft* * aidphide whose melting-point is very much 

ligher than that of iron sidph^U^ is 


having a bnttle constituent Ween the crystals of 

^-^lated crystals or globules a ^wganese sulphide are 
g. which are to all intents and pui^^ without |iiflueno®\ 



the constitution of al-uoys 


113 


4 . 1 . nmnartles of tbe steel as regaida ita auJtal'ilitJ lo*" •"'****’** 
on ^ ^ ^ Bupposod that 

-a— ”••">■ '"Tr,“z.‘; 

It be BO, but at the same time It la r«F««We U* »««f 
Jbles, inoludiug the oortosion and pitting of 

At the temperature at which steel Is roUod the maagai^ 
^hideisiu a plastic ccndition and fo^w the rulU^ 

Z pmportion as the steel. Thus in thin steel sheets llj^ 
ooomts in thin sheets or laminas, and if such shoots are su >t 
to serer^ bending or stamping the stilphide i*iieUi form 
weakness and the metal gives way. Wwtogrsph 4? slwws ^ 
sheets or flakes of sulphide in section in a pisoo nf wdlsil alert, 
and here again its influence is due to ahapa or form la »Wrt» 

Ofl Bos of the elimination of a eutootio struotHro hy the s4d«*«*i rt 
a second impurity are to bo found in the addition of tin u> mfjmr 
oontaining phosphorus, and in the addition of arwnw h* o..|.|wr 
OTtemin g ocrygen. These are shown in photographs 4» to hfi. s»«l 
are considered in another chapter. 

Numerous examples ooourrlng In everyday prscHw ««hfhl W 
quoted, but those already referred to will ssrv* l« shws the 
importance to the practical man of a study of the slruotui* and 
oonatitution of alloys. It throws a new light on ths aabjsol, hmI 
erphuns the relation between oomposttion aad ta schs a i cai pr» 
petties in a way that chemical analysis by itsrtf Is foespshfo at 
dti«^ In faot, it interprets the results of ^ismios! stutiysK fui 
un^reoently ohemloal analysis ss applisd to metohi and alloy* 
has been much less satiafaetory than In other bnuielma of < 
hi the analysis of nearly all materials it has long betin 
that a simple statement of the poroentsgo of tha efonwtnts fwcwiml 
ianot suflitient, but that it is nooossary to go a sU'p fut iW and 
dettimine the condition in which theim ehtniont* mTur tl htt •« 
miy deseriher therefore, as a ODnstitutiunal *»*]>•>• #t««« iiw 
I to malts up ths body ututwr ntiuoiiia 
I an ultimate analytis only givw Uw •tuaumta i« Uial 
body re^rdlees of the way in wbiob they art 
iheletS) iit is not the ultimate oompotiMli bed IIm 

^ mechanical and ;^ydosl yrof S Tth d ol m «Begr, 
f&f mi; ^tete ohsmieal analyris #iig m m tai|bl into lis 

. 4 . ^ 
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pr<»lM*niuK, ajcmipt in wn far m wn have learned by long experienoe 
ti> a»acH)iate a onrUin nnalyew with oerttxin properties. Only in 
tm« iimtatio© ihm the chemical analy^ie of an alloy maKe any 
diatinotipu hctwcmi the ditlbveut modoB of occurrence of any con- 
Htittmut* vi«. ill the aa«c of ciiMt iron, in which it is customary to 
dtHiin^tUBh hotwtHUi the free ctxrbon or graphite and the combined 
carlHui, Hut carhon in not the only olcment which may exist in 
mom tlian ono ftanu. SilitHin, for example, may exist as silicate 
or may enter into mdid Molutiiai with the ironj and whereas 
relatively largo quantitioB in Holution are not only harmless but 
ufirn houcrtcial, quantities of silioate as small as 0*03 per cent, 
arc ohjortiormbb if not actually dangerous. It has been stated 
by (^apt. HowortU that in the case of heavy niolcel steel gun 
forgiiiga, 35 per court, of the toat pieces from the breech end and 
5 per cent, from the musrfa end showed silicate defects in the 
fracture. In spite of the fact that 0*03 per cent, of silicate may 
caufte the rejection of the steel, the specification allows 0*05 to 
*0*80 per otot. of silicon, and chemical analysis fails to distinguish 
whether this is present as silicon or as silicate. 

The structure of an alloy must be governed by the purpose for 
which It is itttendedi Merc incohauical strength is in many oases 
not the only, or even the must important, factor, and inability to 
roalis© the importance of structure has often led to unexpected 
failure. An instance of this has been quoted by Mr Arohbutt in 
connection with the manufacture of elide valves on the Midland 
IWiwiiy, These are made of bronse containing about 15 per 
tin, and are tested by putting them under a falling weight 
of 118 llw. with a blunt knife edge. The valves are oast in sand, 
and when 4 Wipported on B-inoh centres a single blow from a height 
^ 8 feet hf sufficient in most oases to crack them, while three 
Wow IWlfe|fc» ;!»»• Height wiU break them in half. If, howw> 
I f l fjl!; I jljl iff ^ temperature just above ouOj 
Mow before cracking and about nine blows 
to Itoe cases fifteen blows from a height of 
™ iSSe b Wfrom I. height of 10 feet were r^uifed 
to break them. Owing to tmuBnal strength and toughaeas 
the praotioe of quenohing the oaeltog)? was adopted, but soon bad _ 
to be abandoned owing to ths rapid wear of the valves. 
wnlanation is simple. The oast alloy? consist of particles, of # f 
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hard constituent embedded in a Hoftnr nmtri-% » 

and essential struoturo of all alloyfi m|uiml Ui rr^mi Ui^tu^u *h 

abrasion. The quenched alloyH, tm tho hii*id, ^ 

homogeneous structure which k ill adapteti to rv*^ki 
Another case in which too much iinporlumio iniwH \u^unml 
tests instead of to struoturu and conHtitutioii in 

practice occurred in the tine of ati alloy tMiuliMniiik* ^ <^nt 
of aluminium and 1*9 per cent of luaMk'ani’Ho 
Tests on this alloy recorded in tin* Ninth fh’jHMl 
Research Committee of the IuHtitutioii n{ 

showed remarkable resullM, but a trial of tb^ alloy m of 

locomotive slide valves abowad that tlioy tor^ lh» 
m&jt and they hod to be taken out after 
Suoh experiences afford convinaing ptmt of Mtr c»l 

structure on the propertioK of altoya hi la^rvire Timf' ili#? 
is no longer of purely tliooratioal iiileren?^ hnt m t‘r 

practical men as being of ruul iiii{H.rt»u«')< t«< Hoik. ».»> i« 
gathered bj the remarks of Mr (Utnrgi* % t ’Jnr! M 1'* Iw ■ A .. 
Engineer to the Lanoosbire ami Yorkeiitro iUtlitnjr, «h« ».««• 
"Thesucoess of a bearing iiiotal alloy in..rw »*|«-» iur» 

than absolute composition, the pimpor liiairilniUmt u( • noifliMr 
of the tin-antimony orystais iu a wiflei loatrs* ut Uu »w IoimI Ui««« 
esseutiaL” 
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INl'LtrBiraE OI* XEMPEEATtmE ON XHE PEOPEETIES 
OE AXLOTS. 

It frequently happens that metals and alloys are used at 
temperature either above or below the normal atmospheric 
temperature, and it is of oonsidoi-able imjiortanoe to know how 
tiae metal will behave under these abnoruial conditions. The 
influenoe of ..high temperatures is perhaps of greater practical 
im|>orta&oe than that of low temperatures ; but at the same time 
the results obtained by Dewar, Hadheld, and others at low 
temperatures are of the greatest value. The available data 
relating to the subject are not numerous, and in many oases the 
results are oonflioting. Moreover, in some oases the results 
obtained in actual practice have not been in accordance with 
those obtained experimentally. The explanation of these die-' 
mwiMmoiea is probably to be found in the fact that the alteration 
in the properties of a metal or alloy due to variations in temperar 
ture la not always of the same nature, and before dealing with 
experimental results we may with advantage consider the possible 
ohtmges which may he brought about In a metal by a variation 
In temperafemee. 

. 'Iia ■'fte: ftwtt plaoe^ wlfh an increase in temperature and con- 
In xnolecular activity, we should expect a gradual 
smd regular fidliog-off in the tensile strength until, in the 
neighbourhood of the melting-point, the tenacity becomes nil,' 
Moreover, this change should be; eqmmon to all metals, and ex- 
perimental proof of it is not litokisg. Thus Dewar has showp 
that at — 182 * mercury has" a tenacity about half that of lead at 
ordinary temperature, and iron, copper, nickel, aluminium, 
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eta exhibit a marked inerease in tensile strength at the same low 
temperature. The following figures show the tensile strength 
and elongation of copper at temperatures between - 182’ and 
+630*, the first two results being those of Hadfield and Dewar, 
and the remaining figures those of Le Ohatelier. The two results 
at normal temperature are stiffioiontly close to justify the figures 
being regarded as a single series of obsorvatious (the small 
difference being due to the faot that La Ohatelier uiufdoyed a 
purer sample of copper and in a oorapletoly aimealtui state), and 
they may be taken as representing the normal behaviour of a 
pure metal or a hotnogeiirous solid solutiun. 

MHOHANioAii PBOranTtra Of CopfSR At VaRTtNa Tkmprraturrh 


TempemtUKs 

TaiiMilo ftiretigtlL 
Ttmti jwir in, 



HB 

45 

+ 15 

U 

4U 

15 

14 *r 

47 

no 

ir9 

41 

200 

11*4 

m 

880 

9*$ 

84 

480 

8*1 

17*8 

580 

4*6 

18*4 


Normal behaviour, such as that exhibited by ooppsr, Is ootu 
paratively rare, and wo have now to oonsidsr abnormal behaviour, 
vhioh may be due to~- 

1, An allotropio change in the metal tidcing place suddenly ; 
3, a molecular change taking place slowly ; S, a beter<^neous 
structure. 

1. AUotropto Ohange, — Examples of allotropio ohaogee 
accompanied by changes in the physioal prttporUoe taking place 
In metals are not uncommon. Thus Iren undorgooe a change at 
760 and alec at 860*, the throe varieties of iron being desoribed 
by Osmond as « iron, ejditing at tempemtnres bojow 760* j ff 
iron, existing between 760 and 860* | sod y inm at tamiMKidniw 
I'tbre 860*. a inm Is soft and tnsgm^ fi brat' it 
7 iron is hard mi non-magnetio. HMeil 
^ at an even lower temperature, vli. 800% abofve wdrtoh temperature 
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it oeases to be magnetlo. Zinc le brittle at the ordinary tempera- 
ture, but at 150* it iieoomos uiallotvblo, and again loses this pro- 
perty at higher tomporatures. Tin at low temperatures, but not 
lower than thuso roaohed in oold olitnatos, undergoes a molecular 
chaugo and falls to powder. Snoh ohaugos are abnormal, and it 
ia not yet known except in tho case of iron to wbat extent these 
ohtuigitK may iiivko place in tiro niotulu whun alloyed. 

a. Gradual Molecular Change. — Some metals and alloys 
undergo a gnulual changu in thuir urystalline character, which 
is groatly aooenfnatud as the tompuraturo is raised, The change 
may he simply an inoroRBO in the Kize of tho crystals, or may eren 
1)6 a oliango in the orystiillino form. As an essimple of the gradual 
growth of crystals wo may take the oaee brass oontaming 
70 per oent. of cupper, and alnminium bronze containing less than 
8 per oent. of aluminium. If these alloys are annealed at com- 
paratively low temperatures the crystals develop in size and 
there is a marked falling*oif in the mechanical properties. This 
growth of orystal will bo referred to later, 

8. B^terogeneous Structure. — ^Alloys containing two or moie 
oonetltuents are more liable to suffer deterioration at high tem- 
peratures than those containing only one constituent, especially 
if tine of the constituents is a outeotio. The euteetio having a 
molting-poiut often very much lower than the constituent metals, 
is aflVotod at a correspondingly lower temperature; and if the 
eutectic forms, as is frequently the case, a network or cement 
round the grains or crystals of the alloy, tho strength of the 
•uteotio represents the strength of the alloy. .An example of 
this is found in copper containing bismuth. 

tJonsidaring these three causes of deterioration it will be seen 
that one of them, the second, would not ooour until after the 
lapse of some time, and this is suffloiont to explain the failure m 
alloys which had given excellent results when 
at high temperatures. It is therefore important to 
1^' itiat mechaaloal teste osrried out at high temperatures ai-e 
not sufficient to indloate the behaviour of the metal in practice. 

The most complete aeries of wperimental results yet published 
has been obtained by Bengough, who has extended his tests to 
higher temperatures than previous observers. He finds that both 
in the ease of pure metals and alloys there is a gradual decrease 
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Metttl or Alloy. 

CviUcal 

Tomporature. 

Tenailo Strength at 
Oiitical Temperatiu’e. 
Tons per sq. in. 

Ooppar , , . , . 

6R0“ 

1*3 

Alutiiitiimu . , . * * 

.HO.'i 

0*9 

C’upro-iiiokol (20 pot uont. tiiokol) 

710 

8*0 

BrftHfi (flO per oont* 8luo) 


2*6 

>♦ >1 >» ) ♦ • 

4S0 

5*0 


Those critical noiiits are undoubtedly of groat theoretioal in- 
toroBt, but from the praotioal point of viow tho metals have ceased 
to bo of any Jiao long boforo thoso toinporaturea are reached. 

Alloys used for Pirebox Stays.— One of the most important 
applications of motals and alloys at high terapomtures occurs in 
firebox platos, 'and more eapenially (Irobox stays j it is in this 



fxa, B0.-«T8n»lle Strength of Oast and Rolled Metals at High Tcmpeiatotes. 

oonneotlon that most of the work on the strength of alloys at 
high temperatures has been carried out, and attention has been 
particularly directed to the alloys of copper. _ The meoh^ioal 
requiremeots of a metal suitable for firebox stays are that it can 
be estsily wodsid and ri'reted) and that it shall be as soft as, or 
copper plates into which they are riyeted. The 
«i»mlaed Include btonae, phosphor-bronze, manganese-bronze, 
f \nmin!um bronze, brass, ooppeuvaiokd alloys, and mild steel. The 
behaviour of these alloys will be briefly considered. As regards the 
temperature actually reached by the plates and stays there is a 
oonsidorable dilFarenoe of opinion, and it is difficult to arrive at 
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the temperature of the oontreii of a numhav of ftrobo* atayn by 
a hole through, the centre of the head and inserting a 
thermo-oouple. The reeulte showed that at a distance of 2 ins. 
£rom the fumaoe end the teraporatiiro varied from lYO* to 176* 
in a boiler working at 130 lbs. pressure, steaming heavily and 
blowiiig off, while at a diatanoo of half an inoh from the furnace 
Bcd the temperature rose to 216* to 230’ under tho same condi- 
tions. An attempt to detemiino the tempomturo of the surface 
of the copper plate and of the ends of tho stays inside thn firebo*, 
in the vicinity of the briok arch, gave tomiioratures of 640" and 
615' respectively. It must bo retaomborod, however, that tbo» 
is intense local heating, and It is no nnoommon thing to see the 
of the copper plate showing drops of oopper where the 
metal has been aotually tnoHed. It is diiloult, therefore, to say 
what temperatures era aotiisUy reached, but it may be taken that 
the stays reach a temperaturo of at Imst 200*, and prolmbly 
considerably more. 

, Bronze.— The only alloys of tho ooppoMin oorioo avniinbiu f*ir 
the purpose of firebox stays are llioso contaiiiiitg foM l imit H |wr 
cent, of dn (that is to say, Uiuse oonsiating of a wilid solution 
of tin in oopper), atd these are probably the loiist satisfnetury of 
any alloys. Their meohanical properties fall off rapidly at abemt 
200', a bronze saving a tensile strength U ttma par sq. in. adi 
200' falling to'^'8 tons at 300*. 

In an actual test oarried out 1^ Wabl^ As bollsr of asix-whoel- 
ooupled goods engine working at 150 lbs. per aq. In. was iittid 
with bronze stays oonteloing S par omt. of tin. After running 
93,290 miles 140 stays had to he removed as defeetive^ and At 
average rate of renewal worked out at one stay per 781 mUss. 

Phosphor-BrouM — Tim phosphor bnmsm iSMMiiwing t&s 
*in8ohanloal' properties suitshto for firolsix stays sri> tlumo oontain* 
ing small peroentagN of tin and only tmow of {ihimjdturtts. In 
fact, the phosphorus msirsly sots as a dtHixulisiT, siid pr«siiit-os 
a better dsas of hrooss than Uiat obtained by ordtimry tuidting. 
Data rdating to the propsrtai of phaapho^bn)o«s at h%h tompsiw.- 
«$ scarce hut it isprotiable ttuatUiay wouM poo MS te dlstiiwI 
pvattta^es over ordinary toosas. ■ 

^^Alundnha&artmia— ^ tUeys ol aloxaholQm sod oopper oon- 
less than 8 pir omk. of ll to aBi teto s pes m s the rsquired 
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qualities necessary for firebox stays, but they deteriorate very 
rapidly at high temperatures. A bronze containing 7'1 per cent, 
of aluminium, which showed a tensile strength of about 25 tons 
per sq. in. with an elongation of 89 per cent, on 2 ins. at the 
ordinary temperature, gave only 9 tons per sq. in. and 14 per cent, 
elongation at 400“. 

An actual test carried out by Webb under the same conditions as 
those described in the case of the copper-tin stays gave disastrous 
results. The alloy contained 7 per cent, of aluminium, and after 
being in use only two months and running 2400 miles, the engine 
had to be taken otf the line owing to the number of breakages. 

Le Blant also states that the alloys of copper and aluminium 
are the most sensitive to an increase in temperature, and these 
practical results are the more remarkable, inasmuch as Oharpy 
describes the aluminium-bronzes as being superior to other copper 
alloys. The explanation of this discrepancy is to be found in the 
fact that aluminium-bronze (containing less than 8 per cent, of 
aluminium) is one of those alloys which undergo a gradual change 
on heating. At a temperature of 180“ (and possibly lower) the 
crystals increase in size until they reach very large dimensions, 
and the growth of the crystals is accompanied by a falling-off in 
the strength of the alloy. Photographs 28, 29, 30, and 31 show 
the changes which take place in the structure of aluminium- 
bronze, th.e alloy represented being the actual material used in 
Webb's experiments. ISTo. 28 is the original material as supplied, 
Hps. 29 and 30 represent the same sample after prolonged 
heating at ^ low temperature. No. 31 is the same sample heated 
to* a higher temperature, but still below its melting-point. Test 
pieces of the alloy showing large crystals, as in photograph 30, 
give low tensile tests and show a curious crinkling of the surface 
over .the wbple length of the specimen. • ** 

■ alloys of varying composition may be used 

stays, the percentage of zinc varying from 0 to about 
iui Those containing less than 10 per cent, of zinc appear to 
give fairly good results in practice. Thus, in Webb's experiments, 
a locomotive boiler working under the same conditions as those 
previously described, and fitted with stays made of brass contain- 
ing 90 per cent, of copper and 9 per cent, of zinc, gave results, 
^ renewp.1 of one stay per 5588 miles,. The renewals 
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M. d« Bouaqitot of the Northern Railway of Franoe, are of oon 
Bidomble interoat. 

Twenty looomotivoa ware fitted with oupro-manganese ataw 
la the uppor three horizontal rows of the side plates and the 
hftok plate, the romalninK stays being copper. Each flrehoi 
had 185 onpro-manganoHo stays and 986 copper stays,* and the 
boiler proHsuro was 213 lbs. por sq. in. In four years only six 
breakages of onpro-manganese stays ooourred, while 1876 copper 
stays wore broken. In spite of the fact, therefore, that the oup^ 
manganese stays wt'ro plaoefl in positions where it was known 
that breakages wore most likely to ooour, the breakages of copper 
stays wore 68*6 times as froquont as breakages of oupro-manganese 
stays. Another sot of twonty-flvo locomotives were fitted entirely 
with oupro-manganoao stays, each firebox containing 1163 atays, 
sad at the end of twelve months only one stay had had to be 
replaoed. In another set of twenty locomotives oupro-manganese 
stays had been fitted in the upper throe rows and in the comers of 
the eide plates, each firebox containing 190 oupro-manganese stays 
end 978 ooppor stays. At the end of twelve months’ running no 
oupro-manganese stay had failed, while 232 copper stays had had 
to be replaced. 

Oupro-manganese stays have been used for some years by the 
Northern Railway of Franoe, the Southern Company of France, 
and the Hungarian State Railways. The results appear to have 
been perfectly satisfootory, and the same alloy is now very largely 
uiedi bub its employment in this country is of more recent date. 
A ou^KH-manganeae, however, under the name of orotorite has 
been manuiaotured fpr some time past by the Manganese Bronn 
and Brass Company. At very low temperatures ( - 182°) oupro- 
manganese shows an increase in tenacity and duotilily, and 
Le Msnfft statemmt, that of all the copper alloys oupro-manganese 
ii it^ tesat dbaoge in temperature, appears to be amply 

lixiififted. 

' A number of tests on alloys for firebox stays have been made 
by Btngbea at the Horwioh works of the Lancashire and Yorkshire 
Railway, and the results, together with the analyses of the alloya 
are given in the accompanying tables. The alloys were tested 
after heating for ten hours at 760° in the laboratory and also 
iMilm nine hours in a locomotive firebto. 
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CHAPTEB Yt 
00BB09I0K OP ALIOYS. 


In apito of the &ot that the infiueuoe of oorrosive liquids on 
metala and allojm ia an important problem in many industrieB, 
tihere ia •rery little available information on the subjeot. This is 
probal^'ldue partly to a widespread reluotanoe to publkh the 
nsulta of'ipraotioal experienoe, and partly to the diffioultdes of 
expedmeatid iuve8%Htion. It ia obvious that experimental tests 
out B()ldom reproduce the eonditions whioh obtain in practice, but 
it ia nevertheleaa possible to obtain comparative results whioh are 
'of oonaldorabde value. 

The process of corrosion may take plaoe in several ways. The 
simplest of these may be desoribed as ohemioal corrosion— -that is 
to sayi the alloy is merely dissolved in the liquid in the same way 
that a simple metal is dissolved ih acid, such as rino in sulpburio 
aetd. . 

' A awofs oomplioated proeesa of corrosion oooure in the oom- 
Uned inihienoe of a corrosive liquid and the atmosphere, This is 
of veipy oommtm ooourvenoe, and is frequently observed in the case 
of copper alloys, the .maximum effeot of the oorrosion taking 
plaoe «0he surf^ of.lihfl liquid or when the metal is alternately 
lixpl wposed to toe air. An example of 
by salt water. When totally 
oostosive action is dow, but in toe presence of the 
atmosphere oxyohlodde of copper is produced, and rapid oorrosion 
of toe brass takes place. , . 

Perhaps toe most interesting tmul toe oommonest iypt of. 
Qorrosiou is that which may be desoribed as eleotro-ohemioal 
v3^ ooours when two bodies possessiri® different oleotrioal:. 
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properties axe immersed In eontant with one enother in coammtvii 
or oonduoting liquid. Owing to Oio difi'nrenoo of 
between tiie two bodies m eleotromotive forw it eot tqi, or, in 
other words, a galvanic battery is formed, luid one of tlie tiwtifla 
passes rapidly into solution. For thin rwmon metiik end ailoye of 
differont properties must not be plaood in ouuUot titulnr iiquide. 
Here we are dealing with two motuls or eltuya in omteet, etx} ih» 
oase is comparatively simple } but it fuiluwa thnt ttie wima eeiian 
will take place in a single alloy if H hi not itutHujienmnue in 
structure. For example, an alloy whom ooneUtuoiite aoitemt* out 
on cooling or form oompounds which miwrete on oaolinK, . wU] 
almost certainly be rapidly oorrodod. cm aooount rd the 
of eleotrioal potential between the coiuitituttote. • Hoim* 

forming solid solutions axe usually batter able to ^aim p 

than non-homogeneous alloys. Impurities due Ao the 
treatment of the alloy, suoh aa drom, slug, oxiiiNi, eto . Up^Tin 
a similar manner. Thus io tho oaim at o..pp«.r alluya 
of copper oxide is partioularly Injurimni, and 
copper formed by the action of air ami sea waWr on i^r niLr, 
accelerates corrosion In tho aame way. The iaSumm ■ „ 

cm corrosion has reoelved more attention la the ‘W P ^Ur' t ' 

tlm in ihe oase of alloys, and it is weU known U 

in a pure state are only soluble with diilouity 

the same metals In an impure atate aiw 

same aoida Unfortunately one erf Uia, most iafiSTSwUtaa 

is usually overlooked in spite of tbe>faet 

ocommnoa Oygen In the form irf 

a^quenteauseof local oorrosion luid pillisSfr^t it A^aa 
more attention in this oonnmtian i® uw, j JS T 
l«)t aab its presence is not Indicated In thiSdg, wd w! 

l„ .UK 

WinaiMa wttorf 3."*^ 

Uw W«nmc« ot odto (h »Um1. ’ 

”*> «» odnomw Tta Ibimiim d tki 


‘^0» tapttitipe 

yr^ •yUsapdo 
Maod osirfiiiMi 

i^bablydu?to|fca 

[din Ilf an ordinary 
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oxide particles on the corrodibility of the metal can hardly Id* 
ovor-eBtimated. On immersion in a corroding liquid each particle 
forms a small galvanic couple with the surrounding inetal and 
becomes the starting-point of a “pit.” 

The difforonoes of potential between metals and their oxides 
have been insufficiently studied, but it is probable that in nearly 
all oases they are of much greater importance than the differences 
of potential between the metallic constituente of a non-homo- 
gonaous alloy. The ordinary olcotrio acoumulator or secondary 
battery may be taken as an example of the practical applioalaon 
of the differonoe of potential between a metal and its oxide; and 
an example of the influence of an oxide on the rate of corrosion is 
to be found in the well-known fact that when the protective 
oxide coating on steel is pax'tiaUy removed corrosion of the 
unprotected steel is greatly accelerated. 

S!xperiment»l results on tho iufluonoe of oxides on the rate of 
corrosion are soaroe, but a series of tests carried out by the author 
and extending over several years may . be of some interest. A 
number of steel plates rolled from ingots which had heen 
oarefully deoxidised by the addition of silioon, and a number of 
plates rolled from the same steel made in the usual way, were 
uxposed to the London atmosphere and at the end of every ^ 
months they were carefully cleaned and weighed. The experiments 
were repeated on different makes of steel, and in each case the 
result showed that tho corrosion of the ordinary plates was greater/ 
1^ 34 per cent, than that of the deoxidised plates. It is evident^ 
therefore, that the difference in oorrodibillty between a well-made 
alloy and the same alloy badly made may be greater than the 
difference between two alloys of different composition, and unless 
these facts are ti^en into consideration the results of comparative 


experimental tests may be very misleading. 

1ft Mm oases the process of oorrosipn stops itself automatioally 
of oompounds wbioh hinder further corrosion. 
Clues of idfls desorlption are not uncommon, and an example of 
the greatest Importance ooouxs in the employment of lead pipes for 
carrying water. It is well known that lead is appreciably soluble 
In water, and to suoh an extent as to render the water unfit for driids- , 
lag purposes. Moreover, nearly all waters oontmn oonsideisble;^ 
• ||Q|atoti toi of Bolphurie aoid in the form of sulphates, which also ^ 



COKHOSIOJX OF AI.IAIV.S. 


131 


krea oorroding action on loadj but the jinniin’t «tf •!»«' . 

in this case is a praotioally insoluble Qoiit{K»tiitd, iewl •>«. It 

forma a ooating on the surface of the meUii and effwinell^ p* 
vents further corrosion, either bj' HiiiphatM or hj the wait"’# *l»»ll. 

Similftr inoorrodible ooabingH are forniMi on oertatn allojFe, Mwd 
an interesting example may be dUttl Ut iliuHtratit Uiw end ekn 
another proteotive influence exerUxi Ity one nii<tof it}K>n uM4lM>r 
This is found in the case of an alloy of gohl mui oiivrr 
&0 per cent, of each metal, which ia pruotimity uiMitititU m (he 
ordinaty acids. In hydroohloWe acid or a<|ua rciTM a w>*{4«it <4 
Sliver chloride is immediately form«l, and all aoiutn In 


nitric acid the silver on tho^aurfaco ia diawitvinl, nod il>» alluy w 
then protected by a ooating of gold whlob pimveiita fnrtdtev acHUon 
• taking place. This fact is well h iiowii to all aaMyer* and n4ii>*rvt, 
and in the operation of "parting" bu!ii<m {i.* .h*Mrivin« onl 
the silver with acid) it ia nowwaary timi lint anioitni uf 
should be considerably in exocne of the g.iM, <,r ih« }«n,n^ « 
inoomplete. Certain copper alliiya iHdiavo m a •in.iiAt 
the alloying metal being diaeolvud out utiltl a 
remains, which is only slightly aetod uiam by the wwrwln.g 

These foots are of the groateat ii»{KJrUiio« and idiould alaaya ta 

borne in mind when considering the twndta of ea|Hntinatii«} iMMiL 
as they will frequently explain the atiirUing dt<r..fwi«a kmimmm 
ae resdts of actual practioe and thoae obtsdoad in 
tests. N^ly all the reaulta of axparlmwUl teata hava 
obkmed by simple immersion of tha riby ia w»t«, d««io ^ 
or other corroding liquid; but to aotuat piw«ea «««*»«« «» 
Mualty accompanied by erosion to a greater or \mm ettani, and 
•***ii.^v*^ orosioii in removing pn>i<ar>tiv» ~“‘itoaa and 
^posing fr^h surfaces to the artim. of iroemn 
im^ined, although it is often .»v..rhH,h,«l, ^ 

Another unavoidable drawbaok fnuii «klia 
suffer, is the fact that tha multa L alwav,’ 
loss of weight over a given aurfMe. Wb.L “* 

corrodibility of different metal,, it tml^iLtl*'””* 'TI***** 

4-#,^ corrosion and throw’. LKt 

'.ateost invariably caused by loool 
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moro Borhma roaults than ton iiiuos that loss of weight distributed' 
uniformly over the whole uiirfaoo. Uniform corrosion is a more 
or lesa known factor, for which allowanco can be made in design, 
but local oorrosion is an unknown fimtor which defies na.lniil«.t{on^ 

The greatest number of oxporimontB on the subject of oorrosion 
ap}mr to have been carried out in conneotion with the oorrosion 
of metals by sea water, and some of these may be briefly referred 
to. Milton and Larko, in an interesting paper on the “Decay 
of Metals,’’ define “decay” as the solution of one oonstituent only 
ai an alloy as distiugiUBhed from “ corrosion ” by which the metal 
is attacked as a whole. They confirm the statement that 1 per 
cent, of tin added to brass and Muntz metal assists them to re^t 
uurrosion or decay, aud tlioir oonolusions are as follows 

“ 1. Decay is moro fromiont in metals that have a duplex or 
more complex structuro than in those which are oomparadvely 
homogeneous. 

“3. Decay is due to slower or less euergetio aotion than that 
oausing oorrosion j moreover, it requires an lustion which removes 
part only of the constituents of the metal, whereas ‘corrosion’ 
removes ail the metal attaoked. 

“ S. Both decay and oorrosion may result from ohemioal aotion 
alone, or from ohemioal and olootrolytio aotion combined. 

“ 4. Pitting, or intonao local oorrosion, is probably often due to 
local segregation of impurities in the metal j but it may also in 
soniQ plooes be due to favourable conditions furnished by iooal 
lit^jularildeB of surface or structure, producing local irregularities 
In the distribution of galvanic currents. 

“ C» Por brass exposed to sea water, tin is distinctly preservative, 
while lead and i«>n are both injurious, rendering the alloy more 
readily corrodible. The percentage of the two latter meitals, 
thorefctt% thodld bo kept as low as possible in all brass intended 
ter m wW ' whew ooataot with sea water is inevitable. 

tntih a view to obtaining a minimum of corrosion the 
iobemal stsiffahes of condense tubes should be as smooth and ura- 
term as pbssible j and in <»dilr to ensure this condition, the 
pipe from which they are diwwn should be smoothly bored insida 
either before the drawing is comnmnced or in an early stage w 
the prooess, as is done in the manufacture of brass boiler tubes. 

, ‘‘ 7. The experiments with an applied electric current show that 
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(Heetrotylio action alonO) even whurp minute pujft'tiu 

are employed, may mult in Hovoro nurruatuu nr K»o».« 

effort, therefore, should bo modo Ui [irwvent anoh imUoii hy 
iosulatioa of all eleotrio oabloa. Who-i- nalviutio Hct 4 «n ta in 
evitable through the proximity of flillormil. in. l«l* nx{M«Mri m Ifcr 
same electrolyte, the currents roHultiiiK NiiimbI tm sin»irwltiM<>l hf 
the application of zinc plates in tin' rirrMit, m* nrriniftnt U»at iJiei 
will be negative to both of the other 
Diegel has studied the tuiiiui Hulyeei, nm! his nwMiu ii>«f W 
sumnuffised as follows :--He finds that in l.r«ss. . i„n- 1> 

ano the addition of nickel oxorts u IsmoiieW inBiiP„r^ 1l,„ „ 
oontraiy to the experionoe of Mr Khisiiu fwh<»« «i)i 
considered later), who staka that “ a pmoiiml ,,omi of 
nickel is incompatible with low (toroontiiKB bniwitis. “ 

The loss in weight In grams per wpmro wetw of 
suspended for twelve months hi sen, water k iriioK i.y 
Mild steal , 

OoppewiIokelrtSpireaBt mj .7,’*, 

„ JaojwamtNl . f’"* 

Oopper-alnminiumfBjwroaiu. A!) . 

In oontaot with iron tho alloy* «„(r„r«d Umm 

Iron or smo plates ai« almost ittvarkWy «i,«| fo* 'iw 
bf condenser tubes, and if these are of suitable mM 

^ Is borne out by tho statement of Ur Antold fhmu. 
AdmMty chemist at Portsmouth, who mm; «lo ,^2 ,t! 
feet that some millions of tubes are ia nee iTib, ^ ^ 

any given moment, the number of anmtM j *'* 

in which localised corrosion has been obe!J^ 

attebutes the freedom from oorrosim, to ihr^Z^ 
to the oompositioa of tho alloy j u- 
« in which tube manufsoirsTr! 

of the exact ooinpoatfaon gp^olfi^d ‘ mul iUmlu t* 

:“«mer in which the use oNteel Imn L i , 

has always been insistedtin. ’ ‘w 

•l^t.Oikrpeni.f *4 mwmiB 

Sktal and naval bmf ”w ^ 
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change of weight in pounds per square foot per monbh, are shown 
in the following table ; — 

Alh»y. Oompoftltioa* Change in We^ht 

2 1*06 pur con t. Ah *0028 lb, 

< 2*90 o ,, *0001 

6 6*07 „ „ *0000 

9 7*«6 » », *0000 

IH 9*90 „ ,, +‘0001 

MvmUtnetal •’•'OOU 

Naval briMw *0018 

The authors explain the gain iu weight in the case of the alloy 
containing 9*9 cent, of aluminium by supposing that there is a 
slight oxidation of aluminium on tho surface of the alloy. 

A flcries of eompatatlve teats carried out by immersion iu sea 
water at Portsmouth dockyard gave the following results 


Alloy, Composition, Change iu Weight. 

2 1*06 0*0017 

i 9*09 0*0009 

6 6*07 0*0009 

9 7*86 0*0009 

^ la 9*90 0-0008 

Hunt* metal 0*0028 

Naval brans ... 0*0012 

In contact with iron and under the same conditions the alloys 
were completely protected, while the iron lost *008 lb. per month. 
On the other hand, in fresh water and in contact with iron, the 
aluminium alloys were corroded, while the Muntz metal and naval 
brass suffered no loss. The actual raBults were as follows : 


2 

4 

a 

la 

Munts metal 
Naval btasa 


Composition. 
1*06 per oent. Al 
2*90 ,1 ,1 


Change in Weight 
‘0008 
‘0008 
*0008 
*0010 
•0010 
•0000 
•0000 


,In tslum exporimanta the eluniinium alloys were from oast 
.'th* Mwta metal and naval brass were from 
BO that iftM results are not strictly comparable. 

^ is pcaoticslly unaffeoted by sea water, end is 

tn ownsequenoe largely used in the manufacture of propellers and 
propeller blades. Boiled or malleable phosphor-bronze is also 
little affected by eea water, and has proved satisfactory where 


Israss and steel were useless. 

from tihe corrosive action of sea water there are many. 
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important industrial problems oonneoted with the oorrosion of 
metals and tdloys. Thei’e is a oonaiderable demand, for example, 
tor alloys suitable for the oonstruotion of pumps and pumping 
machinery dealing with oorroHive liquids suoh as aoid mins waters, 
Mid also for alloys suitable for evaporating pans, stirrers, etc., but, 
as already mentionod, there is very little reliable information con- 
neoted with these subjeote. The llouifauins Coal Mining Company 
of Westphalia made aseriesof comparative experiments with wrought 
iron, steel, and delta metal, which sliowcd very decideii advantages 
in favour of delta metal. Ham 7 1 inohes long with a sectional area 
of ’62 inch were immersed in the mine water for months and 
the loss in weight determined. The results were as follows 



Wrought Iron* 

Steel. 

DoltA M«Ul. 

Weight of original bar . 

1*1806 

vnu 

1*9787 

Wei#t of corroded bar. 

'8903 

mu 

1*2838 


• A series of experiments on the corrosion of e«ipper alloys by 
add mine water has tilso been described by a writer in the Iira»» 
World. In this case the water oonlained I2‘88 per cent, of free 
galphurio aoid and 49*90 per cent, as sulpliates. The six alloys 
tested had the following oompositions 


Alloy a.. 

Ooppor* 



Lead, 

Um^ 

Alu- 

minium, 

Iron. 

Manganeae^brontO) oaat . 
ManganeBe*bronM, rolled 
metal, rolled . 
Bronze « . » . 

Bed braes . 

Hydraulic metal , 

57*ao 
SB *45 
B7’B5 
8B*ao 
80*75 
88*06 

4014 

88*00 

40*0B 

«»* 

1*78 

8*00 

ins 
0*88 
1*40 
17*70 
8 78 

to*si 

0*08 

0*08 

0*68 

874 

0 10 


1 

iBil 

■ 


The relative losses expressed in weight per oent. were— 

Hydraulic metal , . , 0*68 i Mronwt 3-00 

Mbtau ... . 0*70 Manganesabrouatt (ritllwl) 4*!l» 

Munte metal . . . . 1*83 • MangaiirMa-bnmae ((mat) 8*87 

Unfortunately, in these exporiraenti the sampln were of 
different shapes, and it is obviously mlslendit^ to «xi»r«ps the 
results in wetj^t lost without crmsiderixig tfaf extwKt 
|u.h}eot6dtooonosion. Evidratly the 

> With a view to deteTmi&iAg:tihs r^atiwe isates of ewneosion of 
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copper ttlloye in acid liquids the author carried out a series of 
tests ou the following fourteen cemmorcial copper alloys 


h IHn^nteUl 
% Gant gnn-)nettvl« 

A. Hollrd braH8, 

Gant |ihti8phor*hr<mj!ft A. 

rt. » „ B, 

7* II M 


8. Oast pUoflphor-bronsto D. 

9. Mangttueso- bronze. 

10. ImmadiuTO bronze I. 

Ih „ „ H. 

12. Aluniimum-bronzo. 

18. GrotJorito. 

14. llollod ])hQ8pbmvbrouze. 


The lh|uids selected were sulphuric acid, sulphuric acid contain- 
ing sulphate of iron, hydrt)ohlorio acid, and hydrochloric acid 
cont»uinng sod5\im chUirido, The roaults, which are only 
eonq)arative for the sorics, are given in grams dissolved per 
square metre of surface. 


Conucmttm m A 10 mm ohjnt. Soiotion of Sxtlphtoto Acid. 


1. Imnmdinm-iuHmza I , 

9. Boiled phoaphor-bronzo 
5, Aluminium- bronze . 

4. OHRt phoRphor-bronze 0 
ft. Boiled brass 

CsHt brass • . 

7, liolb‘ilguii*metal 

5, Oast guu-metiU • 

9. Oast phosphor-bronsB U 
10* f» M II 

U. „ I, A 

12. Orotorlte • , 

18. Immadlum-bmnsa II , 
U, Mangaiit^-bronse 


4*23 

6*81 

7*00 

7*37 

7*43 

7*48 

7*r»2 

8*13 

8*64 

10*58 

11-86 

11*48 

12*02 

18*88 


OOESOSIOK IN SUI^raUBlO A01l> OONTAININO I»ON SULPHAM, 


I. lmmadlum«'brotiKe X « 

2» ■ |> »i II * 

8. Osst phoapher-bronse A 

4, Orotorlte . 

ft. Boiled phosphor-bronso 
4 l(^«d gun-metsl 
7* Hsn|^aese-broQ »e 
A Oast pbospbor-bronse D 

9. Rolled brass 

10* Cast brass , ♦ . 

II. Oast gun-metal . 

12. Oast phosphor-bronso 0 
18. I, ,1 B 
14. Aluminlum-bronse . 


8*47 

12*02 

18*66 

21*96 

22*61 

28*06 

28*62 

28*67 

24*68 

24*80 

24*91 

25*81 

27*38 

29*76 
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COBEOSIOS I« A 20 m omw. ur 

1. Immttdlum-brouKO I . 

2. u n * 

8. Boiled brass » . • ' 

4, Manganese-brauss t * ^ 

6. Boiled pbo8plior-bron«« 

6. Al«tuinimn*brons« . 

7 . Oast brass . * • ' 

8 . Orotorito . . * ♦ - 

9. Boiled gun-metftl . 

10 , Oast plioapIu)r*broi»J 5 fi ^ * 

n. Oast gmt-metal . 

12. Oast plioapliordiiMiixt* li . 

18 , M II ' 

14* »» »i l> » , 


. % n 

ml 

« »i 

nn 

Hi 3 
H iif 
H’iSi 

, n il 
. |ge» 


A » I M 


Corrosion in a 


SoLtrrioN m 30 


mi 


CJ«HT. 




AOID AND 10 l»ftU attNT, 

h immaditim*brott*o U 
2. Boiled brass « 

8, Mftiiftanei(e*brattSft 
4. Immddium-brotti{«> I 
6. Cast brass « 

6, Aluminium^bronas 

7, Crotorlto , 


i)¥ 


HtiiiiUit 


8, Oostpbosphorxbronss A 

9, II II H 

10* II .1 U 

11, Boiled pbosphor-broHii 

12. Rolled gun«metal 
18, Oast gUR^metol , 

14. Oast phosphor«1>ronas D 


, »r7t 

. 

. SI M 
. 44 iMi 

* lA 44 

* IA*I« 

* it n 
« 4AI4 
I liINi 
, 

, %vm 


Mr Rhodin hm made a apodal atudly of Ibo ocwmitm oofifiN 
alloys, and he dtrides alloys into two whidi Im dmmhm m 

<*baIanoed’^ and ** unbalanced.^ liataiieedi %\hj% ar# mpfmA 
to be analogouB to double aaltOi and the thi^ry uf Is iwii 

follows j-^When btaaa (to take an es;aiit]t!i!| it» hfdf«^ 

ohlorio acid, aino chloride and copper rhldridi^ are 
the heat of formation of ainc ahlnrido b gtmusf Mw*i» iHai 4 
popper oUdridOi hence in order lhae the loud enetgy irf ^ 
sysfe may remain bakncedi the “l«dwqr le #wlf« wmM 
direotly as the heats of 

^| :90:pper wiU oarry ourrent fm ^ it lAi# 

^a^tltitlesi and dividing the m (sate %wm 



138 


ALLOYS. 


expressions representing the ratio of the weights of each metal 
dissolved. 

VxMxO 

If" • 

where V is the valenoy of the metal, 

M' the niolot'.ular heat of formation of the chloride, 

0 tho conductivity, ’ 

and D tho density. 

In the case of brass, those expressions give values for copper 
and zinc of 61 and 39 rospootively, which is approximately tte 
composition of Muntz mntal and tlio alloy which Mr Rhodin finds 
the least corrodible of the ooppor-zino alloys. In confirmation of 



Fio. 61 .— Rhodln’a Qorrosion Apparatua. 



OORROSrON OF AhWYH. 




the burettes alternately* The alloy to l«« i« ilnmrti toi** 

wire about 0*5 mm* in diameter^ and a length m tnit t*l^ mifftt iri«i 
to provide a surface of 2 sq* oni* Htrong hydrnehlurio in^nl n» 
used as a solvent, and for copper $ihy» a tei{ip«*nitur«» of mo* m 
maintained. Fig* 52 veproBuntK nmm curvt^a givmi liy Mr RJiimIui 
as typical of the following alloys t — 



I. Copper of good quality. 

m Admiralty gttn.m#tal. i r...i 

iV. Munta metel and ve»y goad miii»g,iip,„ 

y- Bm. 70 p., „„t rf “ 

JfV' P«wen<»g® bnuMii, rich in litn. 

| Jtt .M TO, l„, 

|^,whwh contaju Inoomp»6ibU ingHdUnu, 
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Ab the result of his oxporimonts Mr Rhoiliu arrives at the 
conclusion that in a given scries of copper alloys “ the alloy which 
has the flattest and most regular dissolution ourve does at the 
same time possess the best moohanical properties.” 

A great many papers have boon written on the subject of the 
corrosion of non-ferrous metals and alloys to which it is un- 
necessary to refer in detail here. An excellent suinmaiy of these 
papers has been given l>y Bongough in a report to the Corrosion 
Committee of the Instituto of Metals publisliod in 1911. 

As regai’da the corrosion of stool and iron alloys Howe has made 
a number of oxhaustivo trials with wrought iron, stool and nickel 
steel. The plates tostod in these uxperunonts weighed 2697 lbs., 
and the total area exposed was 928 sq. ft. The results are 
summed up in the following table, wrought iron being taken as 
the standard in each ease ' 



Heft Wfttfir. 

Froih Water. 

Atinniphera. 

Average. 

Wrought inai . 

100 

100 

100 

100 

Mildfiteol . . « 

114 

04 

KW 

108 

Z par cwit. iiiahiO Htiml . 

8« 

«0 


11 

26 per cent nickel »teel . 

n 

82 

•so 

31 
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CIIAPTKR VII. 
OOFPES ALLOYS, BRONZE. 


It is ouiilioui»fy to otnwiUor fcho nUttyu of ooppet* under three heads, 
vis, (1) The bronsos, or etiiiaistiug mainly of copper and 

till ; (3) the bfuBBiw, ootwisUiig mainly of ooppor and zino j and (S) 
other alloys of hopper. Altlmugh not an entirely satisfactory 
olaasliioatiun, there is much to be aald in ita favour, and it is to be 
regretted that manufaeturora in mnm instaneou use the terms 
brass and hronse ludisorimiimtoly. Alloys, for example, contain- 
ing from flO to 70 per cent, of eoppor and 80 to 40 per cent, 
of sine, together with sinall poroeutagea of iron, aluminium, or 
manganese, would be far more SrOOurately draoribed as brasses 
than bronses, and yet theso alloys are frequently described and 
sold as bronses. If such alloys contalu aluminium or manganese, 
or even if these metals have Isien employed in their manufaoture, 
they might be desorilted as aluminiom-brasses or manganese- 
brasBse, but not broiues. The terms braes and bronze are so 
firmly Mtablishod in the English language that it would be 
impossible (even if desirable) to adopt any other olassifioation, 
aod the words should therofore Im employed with discretion. 


Bronse. 

Bastcrtoll—The word firwiw, derived from the Italiiui Ijromj, 
appears to have been introdtmed into the English language in 
the Ifith century. The alloy, however, wm known in vray e^ 
times, and a rod of metal found by Dr FliaUm 
and eetimated to belong to a period about 9700 SM, was fdito® 
to contain 8»'8 per omit, of oopper tmd 8*1 per cent, of tin, 

let 
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together with Htnall ()uantitie8 of imi>nritiea. Whether the tin 
is present as an impurity ur whether it wuh wl<led iutetitienally 
it would be difficult to say ; but it m curious that the proportion 
of tin to copper is very nearly the same us that of modern bronze. 

Some battlo-axos anti t)timr (objects from tlm deposits, which 
Schliomann dated at about 1200 b,o„ and wUittU he identified 
with Troy, were foiuul to cousist of copper uud tin, the tin 
varying from 3^8 to 8'6 per cent. ; whortnm the objects found 
in the earlier drpvsitH wore of copper. The oUlortt relic which 
can be dated with any actmrucy is a scoittre ttf Pupi L (dth tiy nasty), 
which is almtwt pure copper. All the itvailable ovitlonee seems 
to prove that a copper age prmnled the bronze ngt*, anti it is 
more than prttbahle that the prutluctiou of brtjnvto was in the 
first place the restilt of aoeitlent, ami that the intentional additiou 
of tin to copper was tmly bho resnlb of oxperiauco. Bronzes have 
been found in Kgypt dating from very early tinms. In llroecu 
bronzes were very rare in Htimcnc timuM (9U() and the flreck 
and Trojan heroes (H 94-- 1184} used cupper for their armour, 
swords, knives, and spes^r-heatls. 

As regards the relation of i\m firtinze ago t»t tlte iron ngc there 
has been much controversy, and it htm been proved by recent 
discoveries that the iron age is of a imndt eurlier dafett than was 
formerly stipposed. At Hallstadt, in nppt^r Austria, no Um than 
6084 objects wore ohtainc<i from a prehisturic cemetery. These 
include tools of copper ami bronze and swords both of copper 
and iron, together with those of a transition period having blades 
of iron and handles of copper^ Mouteliua tunmiders that the 
bronze swords bolong to a period about 860 to 600 n.o., and the 
iron swords to a porhxl alanit 600 to 400 n.a 
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(429-451 n.(J.). The followiiijj: UU)lt^KivoH atialym'K 
of Home ancient hron/.t«H : — 


Celtic ym&U 
Bronze nailH 

Bronze (Troy, l^s^OO mfi,) 

Bronze ,, n 
Komaii Hwc»r(l blatlo . 

Coin of Ptolemy IX. . ♦ 

Athenian coin 

Coin (>f Alflxamler tlu» Uimt 
Axe4iead .... 

AtfciO iHiitt .... 

Coin of»TttUti«Owir » 

Homan Ae. (n.o. hOO) . « 

Bword blade 

%y]itian HtaUm .... 

,, MtfttUftt te OniriH (Uoil 20t1 it t 

Greek etatne, fifth lamluvy tt.t^ . 

fiturUt «i » 

M vane 11 It HI t 

Koman etatue , « • « 

atatuetti^ . < . . 


Ccpjmr. 

Till. 

litUMi. 


HHO 

12’0 

4t» 


mn 

4‘h 

,,, 

4 * * 

»07 

ae 


»v« 

93 •« 

fi7 

... 


hi *4 

8 '4 



H4*3 

16‘« 

«« » 

... 


oe 

1 A« 

... 

sa‘7 

18 


> K « 

HH*0 

11*2 

a*« : 



lO'C 

Vi 

t«« 

70*1 

8*0 

12'8 

• a 1 


7*2 

uie 

0-6 

nm 

10 '0 


0*4 

m ‘2 

2*0 

i«'« 

v*. 

76*8 

11*2 

tP7 


84^5 

0*8 

8*8 


«h‘0 

6 1 

V$ 


ai-7 

l»*ii 

8*11 

0*1 

78M 

10*8 

lO'U 

ui 

78*8 

0*0 

12'1 

M*l 


The preseuco of lead in lirtm/c wa« pmlmhly ilu% in the hr»t 
place, to the fm^t Ihitt the tin wan acitiltumUKi wiiii that metid ; 
but it wn« imil»i,bly mihui dmoovaredi that the arklitiDn of \md 
oonferred vaUiablo pro|mrticff upti the alluy, and the bronim of 
later date aliuoat invariably contain approoiable amounU of iottrl 

The pnmeuoe of xiiio in bronae waa aiio probabiy the reault 
of accident, dm to the introduction of sine ora into the furmma 
charge. An EinuMmn bronisa, datad the fifth oantury B.o., wan 
found to oontain 0*7fi per omit, of s^imi. I'larly Jaimnaiie bronn^ 
have aim) been found to utiutaiu appmuablo ipiantitl^ of alno m 
well as lead. 

Modem Basaaimk- The moat oMiivonimit <hito ft*om which U) 
begin the study of mmlern rasmiruh tm tlus lUipiMuMiu aUoya m 
1879, for in that year the Committee <tn Alloys ajumiuU^i by tho 
United States Board published a table in which the resuita of 
their own rmi^rohes and those' of previous workers were ooUeoted^ 
This table has been frequently quoted in booiei 
alloys, and as it oontains muob valttal:^ hdbmfdsto ha a don* 
dented form it is inserted here 
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LIST OF AUTHORITIES REFERRED TO IS PREOEDIHG TABLE. 

Bo.— Bolley, Essais et lUaherckes Ohimi^iiGSt Paiis, 1869, pp. 846, 348, 

Or, — Oroockewit, Erdmann^a Jowrml^ 1848, voL xlv, pp. 87-93. 

0 , J,— Calvert and Johnson,. “ Specific Gravities, Mag.f 1869, vol. xvii. 

pp, 114-121; “Heat Conductivity,” Tram,^ 1858, pp- 349-368, 
Be. — S. B. Bean, Ordwmat Notea^ Ho. zL, Washington, 1875. 

La. — ^Lafond, Einglen^s Journal^ 1865, vol. cxxxv, p, 269, 

Ml.— Mallet, Fhil, Mag.^ 1842, vol, xxi, pp. 66-68. 

Ma.— Matthiessen, Phil, Trom,^ 1860, p, 161 ; 1864, pp. 167-200. 

ISLir,— Marchand and Soheerer, Jourml filr prahtiache CfhmvUi vol. xxvii. 

p. 193 (Clark’s Constants of Hature), 

Mus. — ^Musschenbroek, Ur^a Bietio'mry^ Article “Alloy.” 

B1 — ^Riche, Jnnalea de CHmia^ 1873, vol. xx. pp. 351-419. 

U.S.B.— of CommiUaa oti Metallic Alloya appointed hy United Stcdea 
Board to test Iron, Steely eta 

T.— Thomas Thomson, Annalea de Ghimia^ 1814, vol. Ixxxix. pp. 46-58. 

W.— Watts* Dictioncsiry of Chemistry. 

Wa, — ^Major Wade, United States Army, Report on Moperimenta on Metals 
for Cannon, Phil., 1856. 

We.— Weidemann, PhU, Mag., 1860, vol. xix. pp. 248, 244. 

In the foregoing table the figures of order of ductility, 
hardness, and fusibility are taken from Mallet’s experiments 
on a series of sixteen alloys, the figure 1 representing the 
maximum and 16 the minimum of the property. The ductility 
of the brittle metals is represented as 0, The relative ductility 
given in the. table of the alloys experimented on by the U.S. 
Board is the proportionate extension of the exterior fibres of the 
pieces tested by torsion, as determined by the autograph strain 
diagrams. It will be seen that the order of ductility differs 
widely from that given by Mallet. 

The figures of relative hardness,, on the authority of Calvert 
^^and Johnson^ are those obtained by them by means of an 
indenting tool. The figures are on a scale in which oast iron 
is rated at 1000. The word ** broke” in this column indicates 
that the alloy opposite which it occurs broke under the indenting 
tool, showing that the relative hardness could not be measured, 
blit ^^ considerably' greater than that of oast iron. 
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Heraobkowiteoh) huve dotermS^d ^ alflotrotaotlve foro* 5 Lodg« 
has dsterminod tho oonduoUjpty *ad Homohkowitiofa hai dLstsp- 
mined the heat of formatloi^ It hai also beeo shown by Ledotu 
that the thormo-elmtrie ^wor hmi a manimum vsdue for the 
oompoaition oorreapimdU^ to OnjHn and a minimum for tho oom- 
position oorroaiKJntiinK'to Cii^Hn. 

The taristioHH in tho physioal pmiwtrfclea of the series are 
plotted in flg. 44, twid it will Im *iltt(orvtHl that the uvidouoe in 
support of the exi»lt'i»i-o of a dollnite oompmnid oorrospimding to 
the formula Ctt,.Sn is ovorwhoiiuing. 

A glanoe at the ourwH rajinjMorjting tho physioiU and meohanioal 
properties of the o«{ij)or4iii alloys (figs. 44 and 48) will show that 
from a meohanioal puiut of view tho middle inemheni of the 
aeries are ■mluoloss, and in faot the uaaful alloys do not contain 
more than 86 pttr oont, of oopisir. Those in turn may be divided 
into two olaasos, vis ; (1) guti niotai, oontaining from 8 to 14 per 
oeni of tin ; and (8) Iwil tnotal, oontaining from 15 to 28 per omit, 
of tin. 

Cun'metel, as is welt known, derives its name from the faot 
diat before the tutnKliKitiou of stool as a materia! for tibe manu- 
faoture of guns thuy were nuuio of this alloy. 

The following tahiu, giving the ouin]smilion of the actual alloys 
employed In tlio manufsoture of ordoanoo i<y tho difloront 
oountries, shows that, with tihe etoepllon of the Chinese, there is 
not much differenw htitwmm them : - 




1te« 

tmn. 

mm. 


Englinl) . , 

8»l»ouiidf»r liimn 

Pmiiiiittji oriiimiiott 

Freuoh m 

Am&tknn 

,, 

HSwIii ,, 

OhiniMMi »» 

H IS ' 

ftt 74 

m fU 

77*1» 

Hn 

ViUtl 

lOlfO 

lum 

^^43 

»«* 

... 

*U 

vnn 

«*0 

«» it 

Li_ 

»«s 

"(Ifl 

ja-aa 


l^e Invnxes oontaining from 8 to It par osot, cl tla am tto 
most ndtabls where a oombinatioe Hi stnogth, idastisdtgr, 
assi, aiod ability to withstand iJboelt am raqelrsd. Hie alloy 
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containing 9 per cent, of tin has a tensile strength of about 16 
tons per square inch, with an elastic limit of 6*5 tons per square 
inch and an elongation of 16 per oen^ 

Gun-metal, as has already been stated, consists of a solid 
solution of tin in copper containing a , certain amount of the 
definite compound Cu 4 Sn. When viewed under the microscope 
the solid solution is yellow in colour, while the compound is almost 
white. It is curious that this constituent does not form until 
the alloy is completely solid ; and moreover, as was first pointed 
out by Oharpy, it never occurs in a uniform mass, but is always 
more or less broken up. Photographs 9 and 10 show the appear- 
ance of a gun-metal magnified 100 diameters, and photograph 11 
shows the appearance of the Cu^Sn under a higher magnification. 

Influence of Heat Treatment on Bronzes. — It has already 
been shown that the bronzes containing from 9 to 22 per cent, of 
tin pass through three distinct stages during solidification. In 
the first place, a solid solution of tin in copper (Heyoook and 
Seville's a constituent) separates out at temperatures varying 
from 1020“ in the case of the bronze containing 9 per cent, of 
tin to 860“ in the bronze containing 22 per cent, of tin. At 790“ 
the remainder of the alloy solidifies in the form of a second solid 
solution (Heycock and Neville's jS constituent) containing from 
22’5 to 27 per cent, of tin. The solid alloy now consists of two 
solid solutions and undergoes no further change until the tempera- 
ture falls to 600“, when the P solution is no longer stable but 
breaks up with the formation of the 8 constituent, which is probably 
the compound Cu^Sn. The alloy now consists of a mixture of 
fit atid ^ and is stable at the ordinary temperature. 

It is obvious from the foregoing considerations that heat 
treatment must have a very decided influence on the physical 
properties of the alloy. If, for example, the bronze is quenched 
at a tepiperature above 600“ the formation of Cu^Sn (a hard, 
is prevented, and the alloy is more malleable 
stronger. The change is most strongly marked in the case 
of the alloys rich in tin. 


Guillft has made some experiments on the mechanical properties 
of bronzes quenched at various temperatures, and his results 
conclusions which would he drawn from theoretical 
^^derations. The curves in fig. 53 are plotted from Guillet's 





Fh*. ftfl." HtMwnifc (rf«iBtokly-oool«d Bwiii** 
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figures, and represent the breaking strain of flive bronzes con- 
taining respectively 96, 91, 87, 84, and 79 per cent, of copper. 
These results explain the fact, which has long been known, 
that bronze can be forged at a temperature just below redness, 
and that bronzes quenched at or above that temperature become 
malleable. The Chinese were evidently well aware of this property 
of the bronzes; for their gongs have the composition of these 
bronzes, and were not oast, but hammered. 

Zenghelis has described an ancient bronze coining die found in 
Egypt in 1904. It dates from 4.^0-.‘i22 B.a, and is the only 
genuine example of an antique bronze die. An analysis of the die 
showed 69’86 per cent, of copper, 22'61 per cent of tin, and 7*6 
per cent, of oxygen. No impurities were detected, and from the 
analysis and the relative oxidation of the two metals Zenghelit 
concludes that the original oompomtion was as nearly as possible 
76 per cent, of copper and 26 pur cent, of tin. 

The die has not been examined mioroaoopically, but there is 
Uttle doubt that the alloy was quenched in order to enable it to 
stand the shook of coming. . 

The influence of annealing on bronze is of some intereet and 
under certain circumstances of oousiderablo pmotical importanoe. 
If the alloys are annealed at tomperattircs buluw 600* (that is to 
say, the temperature at wiiinh the S oonstituunt, or Cu^Sn, is 
thrown out of solution), the separation of the two constituents is 
rendered more oomploto, and in consequence there is a slight 
decrease in the tensile strength. If, hnwovor, the annealing takes 
place at temperatures aiiovo 600*, the copper absorbs or dissolves 
more of the constituent, and in the ease of bronzes of the gun- 
metal type containing 10 per cent, of tin, the whole of the 
8 oonstitumit may bo dissolved, with the result that an alloy 
consisting of a single solid solution is obtained. The change is 
accompanied by a marked increase both in tensile strength and 



. The maximum offset is obtained at 700*; beyond 
is evidonoo of incipient fusion, and the alloys develop 


Interoiystalline weakness. 


The following tests given by Primrose were made on bars of 
Admiralty gun metal (88 copper, 10 tin, 2 zinc) oast in ehills 
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TomjKirftMird 

Tiino in 

Tonmlo »Sr.ro«Kth 

Klougntinn 

of 

mitmlm. 

in ttma j[mr nq. in. 

pt*r tnmt 


... 

ia-6 

20*0 

m 

00 

10 *7 

0*0 

000 

60 

16*0 

7*0 

060 

60 

lO'O 

*47 ‘0 

700 

80 


4fi*0 

760 

80 

«l-0 

40*0 

«00 

80 

18*0 

84*0 


Where it is dtiMirnd to pmiiiou a hoiot^tfotuHniH alloy liOHHoaHitip 
gmt strength and (inutility, annealing tuay bo ruaurtud in with 
advantage, but it ninat ho ramomboK<d that a high totiHiic 
strength and elongation aro not always nuoossary or evon deair 
able. For exainplo, a gun inutal intundud to withstand hydmnlh* 
pressure would bo iinprovud by annunlitig, whonfoa ono iiitundod 
for a bearing or any uthur moohino jtart HttbjcuUKl to friotiou 
would bo seriously injuml by the Hatno troalinent. 

Modern broitso nearly iilwaya euntaiuH Humll tjuantil iiw of hind, 
sine, and iron, which aro often purposely luldud witii the objunt 
of oonferriug special propurtius u{a»t thu broiisu If, howevor, it 
combination of strength and olasticity is required, the alloy should 
be as free as posslblo from these additions. 

Lead, eroopt in very small (|nantitius, does not alloy with bronss, 
but separates out in the form of minute glotndes as the metal 
cools. The best bronses should not oontdn more than 0*16 per 
cent of lead ; but in casus whero an alloy of great strength is not 
necessary, a larger ammint of lead is aotnetimos added, as it onabios 
the met^ to bu mure easily turned or died. For special pttr}ium'K, 
however, a much larger quantity of lead is added. The inmt im- 
portant of these are bho bronsus used for bearings and for statusi^. 

Zino in smalt quantitius has a voty henciiuial influenoe whwQ 
added to bronse. ISuing an easily oxidisablu inutul it uomblnoa 
with any oxygon which may bu prusunl, uil bur in thu fruo state or 
in the form of dissolved oxides in thu imilluu uu'ial, with (he 
result that the metal is mors ifnid - -“rnns tidimur," aa it is 
described, and gives castings free from thu dufi t-iH known as pin- 
holes. A slight excess of sine will murely alley wirit the broues, 
without materially ailvoiiiig its quality; but Ute exoeM of Mmi 
should not exceed 2 per cent., otherwise ooloor of Um bronse 
will be injured and the alloy will be harder, but weaker. 
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Iron alloys with bronze, making the resulting alloy lighter in 
colour and considerably harder. It increases the tenacity, and is 
useful where a very hard bronze is required. 

Bell-metal contains from 15 to 25 per cent, of tin and the 
remainder copper. Lead, zinc and other impurities should not be 
present in more than traces in the best metal. Large bells 
contain the largest amounts of tin, usually about 25 per cent., 
while smal l bells contain about 15 per cent. The tone of a bell 
can be modified to a certain extent by altering its composition, 
but the purity of tone is a matter which depends more upon the 
skill of the designer and the founder than upon the composition. 
In fact, the shape of a hell is of the utmost importance, and it is 
probable that few metals or alloys could not be used in the 
manufacture of bells, if they were of the proper shape. 

In this connection it is not without interest to recall the fact 
that as far back as 1726 Lemery noticed that under certain 
conditions even lead becomes almost as sonorous as bell-metal, and 
Reaumur, to whom Lemery communicated the fact, subsequently 
showed that it was necessary to 6ast the lead in the form of a 
segment of a sphere. The follomng table will give an idea of the 
very variable composition of the alloys used in the manufacture 
of bells : — 



' IB^-metal when slowly cooled is very hard and brittle. It 
oonasts largely of the compound Cu^Sn, and is therefore very 
susceptible to heat treatment. When chilled from a low red heat 
(ifi. at a temperature above that at which Ou^Sn forms) it is more 
yellow in colour and malleable. 

regards English bells the earliest* existing example to which 
be afilxed is to be found in the village of Olaughton, 
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IS9 

wear Laiioiwter. It ia alijilitiy over 16 iuoIioK in hni){ht, 21 in 
diameter at the Up, and bearK tbo date bVnm thia Uino 

belle with inHcriptione and dato» arn to l« fownd, and the hktitry 
ot bell-founding in thia country oan lie truccd. The o«r1i«>»t 
instructions for bull-luunding oemir in a trcaliae by Walter of 
Odyngton, a monk of KvBKlmm, in tho tinio of Henry 111,, who 
desoribuH tho uu>tb««l of founding and also tbo niclh<t«l of 
determining the rolative mIkom of the belle nBooMmiry ht produao 
the requircil notai. 

Many of tho well-known large hella have hron rocaat from older 
bolls. Thus "Groat UniiHfiui" of t'autorbury, woighing SJ tona, 
was recast in 1762 from an ohi boll, originally tbo gift of tVIor 
Molass In 1460. "Ml Harry " wa* likewiao reoant In 1636 from 
an old boll said to have boon the gift of Henry V 1 1 1. The faiimue 
"Great Tom" of Hxfonl wa« removed from tlMotioy Ablny to 
Oxford at tho time of tho disMoiution of tho ntoiiimtoripa, ami has 
passed through many vieiMiitndes. it was recast iti hU2, agiun in 
1664, and in lUKO throe unaiioocMMfH! attumpts to reraat it woro 
made, the mould Imrsting in the third atlompt. *t‘ho next 
attempt was snocosHful, and the bid! was again rocast in 174!. 

Of the more modern and largeet iMtlls may bo meutiiniid 
"Peter” ol York, tmt by Uhartee and Geoiga Mean at the 
Whitechapel foundry in 1646. It wdigha about 1S| tou^ ia 
7 ft. 4 in. in diameter, and oost £8000. 

The original " Big Ben " of Weatoiinatwr waa east by Meant 
Warner & Bon in 1666, and we^ihad 14 toes, with a dJameter of 
9 ft. It waa found to be (Hraoked, and wu itoaet by the Meara 
at Whiteolmpol with a alighUy ttduoed weight and a very nudh 
lighter elappr -6 owt. inetead of a ton. 

"Great Paul "of Bt Paul'a Oathedral waa oaat at the bo«|^- 
borongh foundry In 1881. U weigha 16 tona 14 owts. 76 Iba., and 
haa a diameter of 114| inobee. 

Statiuixy BrOQie.-~The tsewntial features of a statuary bnmae 
are— (!) that It aha!! be vary fluid and eaady east ; (2) that it 
■hall be oapable of being fluiabod end caaily tiled ; {3) timt ite 
oolour ehall be aa nearly that of gim-metai se k ooiuiiat«Bt wilfo 
theae requiremantoi nud (4) that aodar the isflueiMe tf 
•tmoaphare it shall aaaume a pleeei^ oxidatioa tint or **|iath»,* 
aa it is osUetl 
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The alloy which has been found to possess these properties 
most nearly lies midway between the bronzes and the brasses, and 
usually contains a considerable percentage of lead. The following 
table shows the percentage compositions of a number of celebrated 
statues : — 



Copper. 

Tin. 

Zinc. 

Lead. 

Iron. 

Hickel. 

ColTunn Yenddme, Paris . 

89*20 

10-20 

0-60 


•«* 

• •• 

Ooliunn of July, Paris 

91-40 

1-60 

6-60 

1*40 



Henry IT. » Paris 

89-62 

6-70 

4-20 

0*48 


•« « 

Louis lY. eqnestrian statne, 

91-40 

1-70 

5*58 

1-87 



Paris, 1699 







The Shepherd, Potsdam Palace 

88*68 

9*20 

1*28 

... 

»*• 

Bacchus, Potsdam Palace . 

89*34 

7-60 

1-63 

1*21 

0*18 

0-27 

Geimamcus, Potsdam Palace, 

89*78 

6-16 


1*88 

■ fl« 

1820 







Mars and Yenos, Munich, 1585 

9412 

4-77 

0*30 

0*67 

«•« 

0*48 

Bayaria, Munich 

91-65 

1-70 

6-60 

1*30 

0^18 

... 

Grosser Kurfiirst, Berlin, 1703 . 

89*09 

6-82 

1*64 

2-62 

... 

Frederick the Great, Berlin 

88*80 

1-40 

9*60 


... 

... 

Mduichthon, Wittenberg 

89-56 

2-99 

7 '46 

• ■ « 

... 

... 


The addition of zinc renders the alloy more fluid, and greatly 
facilitates the operation of casting. Too. much zinc, however, 
should be avoided, or the metal will have a brassy colour, and 
will not assume a pleasing patina” on exposure to the atmos- 
phere. 
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For medals where fine relief is required a somewhat softer 
alloy, containing less tin, is used. 

Speculum metal derives its name from the fact that it was the 
alloy employed for the manufacture of refleotors. Until com- 
paratively recently it was used for telescope and other optical 
refleotors, but these are now made of glass. Speculum metal 
contains 66*6 per cent, of .copper and 33*4 per cent, of tin, and 
consists of the compound SnOu^. It is extremely hard, brittle, 
white, and takes a very fine polish. The composition of well- 
known telescope mirrors varies from 66 to 70 per cent, of copper, 
the famous Boss reflector containing 68*21 per cent., and the 
Birr Castle 70*3 per cent. 


BIBLIOGRAPHY, 

Behrens, Das MihroskopiBcJu QefUge der Metalle und Leijierungmt 1B94. 

Oamptell, ** Alloys of Copper and Tin,” JProc. ImL Mech, Eng,, 1901. 

Oharpy, d$ la SooUU d'EnGOuragment, March 1897, ‘‘Contributions 

k Pdtude doB Alliagos. ” 

Gowland, “Copper and its Alloys in Early Times, ” Jour, hist, of Metals, 
vol. vii., 1912. 

GulUemin, Commissimi des MetJiodcs d^essais, 1894. ’ ^ 

Hersohko^tBoh, Zsitsohriftfdr physikalisehe Ohemie, vol. xxvii. 

Heyoook and Neville, Philosophical Transadions, January 1904. 

Xtatirie, Fhih Mag,, vol. v. } Jowr, Ohtm, Soo,, vols. oocii. and ccoxxv. 

Le Chatelier, Bulletin de la SocidU d^Encoisragement, 1895. 

jAe6.€iax, 'Oomptes Bendus, vol. olv., 1912, 

Kexunann, “Ancient Copper Alloys,” Zeitsohrift filr angewandte Cfhemie, 
vol. XX., 1907, p. 2019. 

Brimrose, “Practical Heat Ti*eatment of Admiralty Gun Metal,” Jov/r, Inst, 
of Metals, vol. ix., 1913. 

Eaven, ^ , 

EobertB-Austen and Stansfleld, “Third and b'ourbh Reports, Alloys Research 
Committee,” Inst, Meeh, Mg, 

Thurston, Moderials of Oonstruction ; vol, ii., “ Brasses and Biouzes.” 
jeenghelie, Ohem. ZeU., 1907, p. U16. 



CHAPTER Vin. 

COPPER AXLOYS, BRASS* 

Thh discovery of brass vossols awcl implainonlM of very early origin 
is proof that tho alloys of copper ami /.itio wore known to the 
ancients j bnt there is no doubt that, just m in the case of bronvie, 
the early brasses were protluood aocidontally owing to the admix- 
ture of sslno ores with tlie copper oroH. Later on the addition 
of calamine to capper ores became the rt^gular tnothod of makitjg 
brass, and was long practised without any kno\vb»dge of the part 
it played in producing the beautiftilly coloured uiotiiL 
There is no doubt that the Romaim were tho first umkers of 
brass, and the intentional addition of 5«ino appears to have begun 
in the time of Augustus (30 n.a to 14 a.1),)i the earliest 

examples being a coin of 20 B.a which contains 17*3 per cent, of 
zinc. 

The following tiiblo gives the composititui of saveral early brass 
coins — 


i 

i 

! 

Ooppen 

Tin. 


Loud, 

Iron. 

Augufitufl, 80 B.o« to U • 

» 

87 ’06 

0'72 

1T80 

trace 

0*48 

, Tihdriue, 41 to 84 iw.£i. • 

* 

72*20 


87 70 

... 

... 

,#4to 68 A.3B. 

» 

77 *<4 

0*«0 

21 *80 

tmo» 

0*82 

VeBpafllon, 71 a.b. . * 

< 

81 07 

... 

18*88 

0*14 

0*12 

Tiajan, 98 to 107 a.d. , 

» 

77-69 

o*a» 

20*70 

»•» 

0*27 

Sabina, wifa of Hadrian, 100 
187*.d. 

- . - . _ 

to 

83*86 

m 

0 48 

10*84 

traoft 

0*88 
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The early hiatory of brnwH in thi« cntintry mxxi hti traced by 
moans ot thc» eanlcMiastical brji^m^s or laftem exintinia; in our 
ohurohes. waa the anrimit namci tjf the alloy (vvhitsh is 

still roUhujcl in tUo hVcimh wt»rd luiton^ and until tho nuddlo of 
the sixtci'nth emitury it wim inanufacturod in Flanders and 
Ooruuiny and iiniHirtod itito thin eotmtry, prinaijmlly from 
Oologno, in tln» f<*nu of rootaugnhir pituum known m Oullen 
plates. The alloy (MiniuiiM'rl rtniMiilorablo quantit urn of lead and 
tin, and it in prtibably on that lusouiiut that the hrasKOH have litHted 
so wnlL 

The earliest minting hrawH m that of Sir John Diuiherntnm at 
Stoke d^AheriifMi in Surrey, aufl tlaUnl alsmt 1277. The br^umi, 
76 in. in lenKl*l‘» in tho imviunent of the village ehnreh, and 
represents »Sir John Danhurntum in a mutiplete »uit of uhain 
mail. 

Krorn this tlato onwards there v%tni « complete sorieH of braases 
whieh have proved of tlio grealeHl hmtorioal value. Although 
tlumiarenu avatlabln aimlyaea td i\w earlimt meinoriul Immaes, 
several of slightly later date have bwn luialyae*! runl the conipusi- 
tions of a few of thene are given in the following Mible j--- 




t^tpjtsr. 

Ti«< 

Eini?. 

{.INikd. 

fren. 

English hiaw*, 1 UU epiitary 1 

m 04 

traaa 

sa*87 

«*« 

0*08 

ll M 

„ Han , 

07 04 



7*14 

**4 

tl U 

.. un . 



28 00 

2 la 

..r 

M »» 

tta« 

«l 00 

8*00 

OO'tO 

8*00 

i 


In^the midtlle of the sisleentli rettittry thorn is a marked olmnga 
in the qtmlity of the hnois* wliieh leov began |4» be inatoifaeturod 
in England Instead of l«»ing it*i|it»ited. For the purposes of 
msmoriml tablets the Ktighah braiw was nimoitable, ai«hjMJei»rding 
to Mr Maokhti, it ** was east, or more prolaibly rylidi» iti thin 
platoi wfaloh hava worn ghevonaly/* 

Wli^ r^^rd to the nmfiufaeitm of brnsi iit Ibgibi^ 
itftUt tiM in 1IIS5 qnmn Eiisab^ gmntod a pdmt to Wm. 
Humfroy, msmy inimtor of th# Mint, ud Ohriitophor Shuti, ta 
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search and mine for oalatniho, and to have the hae of it for making 
aU sorts of battery, wares, oast works, mid wins, of latten. Similar 
privileges were granted to Ooruelius iJevoi!, Daniel Houghsetter, 
and Thomas Thurland, and in 1668 the company of the mineral 
and battery works was incorporated. In 1684 a lease of works 
at Isleworth was granted to John Brodo, and shortly afterwards 
several other mills were set up. 

In 1700 the brass industry was firmly established in this 
country, and with the success of the famous Choadle works, which 
were established in 1780, the industry soon grow to be one of the 
most flourishing. Owing to tlio fino colour of the alloy and the 
ease with which it lends itself to all kinds of moohanioal treat- 
ment, it has become tlie most oxtonsivoly used of the copper 
^ alloys. According to its oomposition, brass may be obtained hard 
and strong or sufflcioutly ductile to he drawn into wire or 
hammered out into sheets whose thioknusH is not more than 
TO ' o ' O ' c inch. 

The properties and constitution of the oopper-zino alloys wore 
naturally studied by the early workers, but it is unnooeasary to 
consider their work in detail. The following table, drawn up by 
the Committee on Alloys appointed by the IJiiited Htates Board, 
contains in a condensed form the results of investigations down to 
the year 1881 



CSt CfS^MBrXISC AzIiOTB mUbJLTKD FOE THE ColQin^TEK OX At.t/v th iPPODSTED BT THE 
Ukreo Starb Boaed {Seport, toL a. 1881). 
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Authority, 
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t 

a 

Specific gravity of 
ingot 8*763. 

French orgide. 

Very delicate 
castings. 

Ornaments of 
Hanover. 

French oreide. 

Specific gravity 
of powder 8*584. 

Pans jewellery. 

Authorifcy. 

s 1 sa 19 i s U ^ i' Sa ^ ' 

Conductivity for Elec- 
tricity. Silver«100. 

. . . .A. * . .. . 

• • ‘ ’ • S * ■ * ^ 

Conductivity for Heat, 
Silver-100. 

M . ■. • 

§5 • • • S 

Order of Fusibility. 
(Mallet.) 

3 : : ;S :a : a : : : S : : : 

Hardness. (Mallet, 
Calvert, Johnson.) 

S : : :a : a : : : ft — 5 

Order of Malleability. 
(Mallet.) 

w :S : o» i 

Relative Ductility. 
(Thurston.) 

:: 1 :::::::::::: 1 

Order of Ductility. 
(Mallet.) 

® : : , :« : « : : : « : : i 

Tenacity in lbs. 
per BCLuare inch. 

1 : i : : : t : : : 

S; S' S « 

Fracture. 

Coarsely 

crystalline. 

Vesicular. 

Finely 

crystalline. 

Finely 

crystalline. 

Vesicular. 

Finely 

crystalline. 

Fine 

fibrous. 

Sarthy. 

Colour. 
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Ph 



Authority. S % gS g g4 

0 P P 

Conductivity for Elec- 
tricity. Silver==100. 

Conductivity for Heat. 

Silversioo. 






Atomic Formula. 














Finely ^*561 O | «. I 14 } 4 | ^ 1 - t | . 'White bntton 
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LIST OF AUTHORITIKS SBFSIREBD TO IN PKECKDINQ TABLB. 

Bo,— BoUey, S$Mis SeehorehM Ghimi^uM, Faria, 1S60. 

Or.— Oroookowlt, JMmann’s Jmmal, vol. xlv. 1848, pp. 87-88. 

0. J.— Oalvert and Johnson, Phil. Mag., vol. xviiL iSfiO, pp. 864-869 ; ibid., 
vol. xvH. 1869, pp, 114-121 ; Gtid., voL xvl. 1868, pp. 881-888. 
]llIa.-JICAttMesBen, PkU, Traia., 1860, pp. 161-184 ; Giid., 1864, pp. 167- : 
200 . 

Ul,— -liDallet, Phil, Mag., vol xxl. 1842, pp. 66-68. 

Bl.-Biahe, AnmUt da Ghimia, vol. xxx, 1878, pp. 861-410. 
ir,S,B, —Baport of OowmUtaa m Matallie Attoya aiipoiiUad by Vnitad Slataa 
Soard, Thurston’s invsatlgations. 

We,— Wsi^mann, Pogg, Annalaa, vol. oviii, 1869, pp. 898-407, 

Prof. R. H. Thurston, who oondiiotod the inv»>$tigations for 
the United Status Board, makes the following remarks on tho 
preceding table ; — 

*' Alloys having the name of Bolley appended give ooinpositions 
and oommeroial values, and mention valuable properties, such as 
are given in the column of remarks, but do not give results in 
figures as recorded by other authorities. The same properties 
and the same name are reeorded by Bolley for alloys of different 
compositions, suoh as those whioh in the column of remarks are 
said to be suitable for forging. It might be supposed that suoh 
properties belonged to those mixtures, and not to others of similar 
ooinposition. It sBoms probable, however, that when two alloys 
of different mixtures of copper and sino are found to have the 
same strength, colour, fnmture and malleability, it will also be 
found that all alloys between these oonipositiuns will possess the 
same proportions; and hence that, instead of the partioular 
alloys mentioned only being suitable for forging, all tho alloys 
between the extreme oompositiuns mentioned also possess timt 
property, 

- In the figures given from Mallet under the heads of order of 
duotillty, order of nmlleabiilty, hardness, and order of fusibility, 
ii^Inaximum of eaoh of these properties is represeuted by 1, 

''The figures given by Mallet for teuaoity are confirmed by 
experiments of the author, with a few very marked exeeptions. 
These exceptions are ohiefiy the figures for copper, for sine, and 
for GuZnj (32‘85 per cent, of copper, 67*16 per cent, of sino). 
The figures for CuZn)„ as given by Mallet, can, in the opinion of 
the author, only be explained on the supposition that the alloy 
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tested was notC«Hnj,but another oontaining a percentage of copper, 
probably as high ae 56. The tiguro for the epeoiflc gravity (8-283) 
given by Mallet indicates this to be the case, as also does the colour. 

“The figure for ductility would indicate even a higher percent- 
age of copper. The name watohumker’s brass in the column of 
remarks must be an error, as that alloy is brittle, silver-white 
and extremely weak. 

“The figure of Oalvert and Johimcu and lliohe, as well as those 
of the author, give a more regular uurve than can be ounstrnoted 
from the figures of Mallet. 

“ The specific gravities in lUclie's experiments were obtained both 
from the ingot and from powder. In some oases one, and in 
some oases l^e other, gave highest results. In the table under 
the head of speoifio gravity Riche’s highest average figures are 
given, whether these are from the ingot or from the fine powder 
as probably the mwit nearly corroot. The figures by the other 
method, in each otme, are given in the column of remarks. 

“ The figures of Kudus and Calvert and Johnson are scarcely suffi- 
cient in number to show delhsitoly the law regarding speoifio gravity 
to oonsposition, and the curves fi-om tlseir figsires vary considerably. 

“ The figures of the authssr being msmh more numerous than 
those of earlier experimmstors, a much more regular curve is 
obtained, especially in that part of the aeries whioh includes the 
yellow or useful metals, The Im^ularity in that part of the 
curve which inolntles the histish-grey metals is, no doubt, due to 
blowholes, as the specific gravitiee vtn in all oases determined 
from pieces of oonsldcmhle slse. If they were determined from 
powder, it is proltahle that a mors r^ular set of observations 
could be obtained, and that those would show a higher figure than 
7*148, obtained from oast yiiu-. Matthicsson’s figure for pure *Ino 
(7*148} agreee very ohmely witli titai nbtaiiu*d by the author for 
the cast sine, which oontained about 1 pm- t-mit. of lead. 

“ The figuroB for hardness given by (?alvcrt and .lohimcn worn 
obtained by means of an indenting Uml, The liguroe are on a 
scale in which the figure for oast iron is taken as 1000. The 
alloys oppoaits which tim word * broke ’ appears were much harder 
than mat iron ; and the indenting tool bralce tiMia, imfitei^ ol 
making an indentation. The figtiree of eibys eoetMatng 17*09, 
SO'44, 35*59, and 83-94 per cent, of siim have nearly the same 
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%uroB for hardness, 
varying only from 
427-08 to 472-92. This 
oon-esponds with what 
has hetrn stated in re- 
gard to the similarity 
in strength, colour, and 
other pi-oportios of alloys 
hotweoji these eouiposi. 
tions." 

Since the pnhlioation 
of this table much 
Inis boon afldod to our 
know lot! go of the 
braases by tlie work of 
Oharpy, llobertH-AuHlen, 
Uehrona, La Ohatolior, 
and many otlieiu The 
molting - points of tho 
ijoppor siino alloys have 
boon dotormiuad by 
C’harpy and Roborts- 
A listen, and their work 
has been ooniirined and 
amplified more recently 
by Shepherd, Tafel, and 
Carpenter and Edwards, 
from whose results the 
adjoining diagram (fig. 
S4) has been drawn. 
This equilibrium dia» 
gram expresses all that 
is at present known of 
the oonstitution of the 
ooppar-xino alloys. For 
the sake of oomparison 
ourves representing the 
meohanioal properties of 
the copper -sine aUoys 
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tiro plottud in fig* f>6, 
which Hhonld •bo read ^ 
along with fig, 6L 
Most) wrjtoi’S have ^ 
concluded that cojipor 
and zin(3 form a dofmilo 
compound corrimpfiud 
ing to the formula 
CuZhj, and, posmbly, 
other compoundH oorre 
aponding to GuZn luid 
CiiZn^. Hliephercl, on 
the other luwul, arguoK 
that copper anti zino 
form six wdid Holutionn, 
but do not form any 
definite cunipouxkL Thin '* 
opinion is dllltcult to 
reconcile with the very 
stmig evkhuice which 
has been In’tmght for 
ward in «up|M)rt of ilm 
view that a tHunjKmnd 
OuZniji oxiatH. Briefly, 
the experimental evi- 
dence hi support of the 
exiatmiceof a oompound 
is as follows i—(l) There 
is a rapid diminution 
in the strength of the 
alloys as the oouiposi» 
tion GuZug is roiuihmi, 

(2) The alteration in the 
rteo^omotive tome of 
the alloys, as shown by 
Laurie in 1888, and latter M 
by Hersehfcowiisob, 
points to the eaiatenoe 
of a (Kxmpound. ( 8 ) The ^ 


ta 



Fffi. 95.— Meclw^l Properties of Copper-due AHir,®, 
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electrical resistance of the alloys shows a sudden Tariation at 
the same point, as also do the curves of temperature ooeffloient 
and thermo-oleotrio power; and, finally (4), both Baker and 
Hersohkowitsch have shown that the heat of form 9 .tion of the 
alloys reaches a maximum at the point corresponding to the 
oompusition OuZuj. This maximum amounts, in Baker’s experi- 
ments, to 62'6 calories per gram of the alloy, and his results also 
show a second rise at a point corresponding to the formula OuZn. 

It is true that the microscopical examination of the allojrs 
shows a continuous series of apparently solid solutions, but it 
must bo remembered that Oharpy has shown that compounds and 
solid solutions may be mutually soluble in one another, and this 
would bo quite sufficient to account for any lack of disoontinuity 
in the miorostruoture of the series. 

A glance at the freezing-point curve of the series will show that 
the constitution of the alloys rich in zino is very complex, but 
these alloys are of little industrial importance, and the constitution 
of the alloys rich in copper — that is to say, the brasses — ^is com- 
paratively simple. With a few exceptions the alloys of industrial 
value may be said to lie within the limits of 6fi and 70 per 
cent, of copper. The alloys containing more than 64 per cent, of 
c(»ppcr consist of a single homogeneous solid solution, while those 
containing from 66 to 64 per cent, of copper are composed of 
two constitueuts, each of which is a solid solution. Phot(»graph 
111 shows the appoarauoo of a brass containing 70 per cent, of 
OQiqter, and photograph 19 is a typical yellow brass or Muntz 
^etaL The alloys with the simple structure can be rolled cold 
(altdnongh in practice they are more often rolled hot), while those 
containing two constituents are rolled hot. Of course there is no 
sharply defined limit between the alloys which can be rolled hot 
and Iffibse oapablaof being rolled cold, but they can be olassifled'i 
in a general, wiy adSording to tibieir structure. 

or oiQamine method of making brass, wiiioh has 
be<m »efwre(|^to, consisted in heating a mixtun of zino oxide, 
olun?oo^or coal dust, and granulated copper in oruoibles. The 
rino oxide waa^eduoed by the oharooal and the liberated metal 
then alloyed with the oo^er, forming brtuM.^«Tbis process has, 
however, long been abandoned in favour of iTdfreot method, uid 
; is now only of hfatorioal intereat. At the pliiint time brass is 
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made by the direct fusion of the metals, the copper being melted 
first under a layer of oharcoal to prevent oxidation and the zinc 
added to the molten motel at as low a temperattwo as possible. 
The alloy is then stirred and, if necessary, allowed to cool some- 
what before pouring. The molting is nearly always carried out 
in oruoibles, usually of plumbago, heated in furnaces, which may 
be either coke-, oil-, or gas-fired. Where large ingots of yellow 
brass or Muntz metal arc required, the alloy is sometimes made 
in reverberatory fnrnaoos, capable of molting several tons of 
metal j but the loss of zinc in reverberatory molting is very high, 
and the method is not employed for high-grade brasses. 

The pouring or oivsting of the molted alloy is a very important 
operation, as the quality of the brass depends largely on the 
temperature at which it is carried out. If the tomporatnro is too 
high it will bo full of blowholes and will probably oraok in rolling. 
Snob dofootive motel is somotimoH dowrihod as “spuoy.” If, on 
the other hand, the metal is poured at too low a temperature it 
tends to solidify as it touehos the mould, with (.he result that 
there is imperfect eobosion of the metal, or, us the meltor doHerihos 
it, it is "spilly.” This term is also applied to itnporfoot castings 
due to the presonoo of ohareoaf or dross. The moulds into which 
the motel is poured are previously heated and the insides coated 
with oil or mixtures of oharooal and oil or resin and oil. 

The industrial brasstts may bo oouveuieuUy divided into throe 
classes, vis, : — 

1. Oast brsas. 

2. Low brass for hot rolling. 

3. High brass fur cold rolling. 

Oast brass is very variable in composition ; hub, with the 
exception of a few alloys rich in copper used in I lie mamifaoture 
^f ohoap jewellery, cte., the usual oempoMition of i-uHt brass is in 
the neighbourhood of eJ6 per cent, of copper and 34 por cant, of 
shu}, whiult is known as Kitgiisii staiidard brass. It casts well, 
and is oapalde of being rolled and hannuereii and even drawn 
into wire. In most oases, however, cast brass is uot required to 
undergo much moclianioa! treatment, and it is oonsequently Vftey 
im;^are. Large quantities of sorap are employedriB fto 
hurfcure, and it eittidly oontains relatively Iatg% anmkxrti oi 
impuriHea, sueb ae tbt, iron, and lead. These ave of little oonse- 
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quenoe, and, in faot, if the metaJ is to bo umohinod ot filed the 
presence of lead, as will be soon later, is a distinct advantage 
in facilitating thoHo operations. Further, the presonco of tic 
and lead together gives rise to very fluid alloys invaluable for 
fine eastings, and having a colour somewhat resuinbling bronze. 

Low brasses, suitable for hot rolling, contain from 66 to 
63 per cent, of oopper. They are oast iu largo ingots, which 
are reheated and passed through tlui breaking down rolls, 
followed by a jocond reheating boforo passing tlirough the iinislung 
rolls. Hot rolling is therefore rapidly carried out, and only 
requires a single reheating from beginning to end of the rolling. 

Tho oomnuwuist of tho yellow ImisBOS is that known us Muntz 
metal. In 1K32 George Froderiek Muntz took out a patout^ for 
tho use of an alloy containing 60 per cent, of coppor and 40 per 
oent, of zino as a shoatluug metal for ships, and he olaimed that 
in these proportions, “ wldlst the copper was to a oonsidorablo ex- 
tent preserved, there was a sutlieiont oxidation to keep the bottom 
of a ship clean. ” In 1846 Muntz took out another patent for a 
cheaper alloy containing 8| per oent. of lead and 66 per eent. of 
oopper, which was olaimed to be equally satiafaotory for tho purjiose. 
Although those alloys are no longer required for tho particular 
purpose for whioh the patents were issued, the alloy ooutaiiiing 
60 per cent, copper and 40 per eent zino is largely used for other 
purposes, and is still known under the name of Muntz metal. 

As already mentioned, Muntz metal uontains two constituents 
—a soft ooustitiuiut a and a harder constituent /i. Iu the 
oast state the alloy possesses a ooarse struotun*, the two oon- 
stittuents separating in large masses, but the otfoct of hot rolling 
is to retard the growth of these masses with the production of 
a stronger metal possessing a finer atriioture. If the work 
takes place at temperatures below 600* the alloy is no longer 
capable of any molecular re-arrangomont, and the only eflbot 

f ^dllteifb the graine or crystals already formed. A temperature 
loo* is therefore rogp-rded by Bengough and Hudson as the 
limiting temperature dividing “hot" and “oold" work for this 
particular alloy. Tho eflbot of oold work is removed by muuuding 
«.f. fthout 800*, or by prolonged umealing at loww temperatures, 
nts metal is hardened by quenohing, and the ex|flanation of 
» Pat Na. BSM. > 
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this is readily soon from its struofcuro. With increasing tempera- 
ture the a constitiieut is dissolved by the harder fi oonetituent 
until, at 720*, the alloy containing 60 per cent, of copper con- 
sists entirely of the ^ oonstitnout. If, now, the alloy is quenched 
firom this toinporaturo tho separation of the a constituent is 
hindered, and tho alloy will bo found to bo stronger, but less 
ductile than before. 

High brasses, suitable for (sold rolling, usually contain 
more than 60 per oont. of copper, and tho Isist class of brass 
for tubes and wire drawing (sonUuns 70 per cent, of copper and 
30 per oont. of sine. I'Vom tho results of jnoohanioal tests it will 
be seen that this alloy pesHossoB tho tnaxitnuin elongation of the 
series ootnhiuod with a uonHiderahlo degree of strength. 

Brass intended for rolling or drawing is oast in moulds of such 
shape that the work recpiired on tho alloy shall bo redueed as far 
as possible. For plate or wire the moulds, which are made of 
iron, are from | to | of an inoli thieU, .*$A to 12 ins. wide, and 18 
to 28 ins, long. Ttiioy are made in two pieces held tog((thor by 
the simple device of a ring and wedge. For wire drawitig tho 
plates oast in these moulds are mlUHl to a certain extent and then 
out into strips, whioh are rolhul into rods and iiuaily drawn into 
wire. In any (suto, tliu muehanienl treatment of brass in the cold 
must be interrupted liy frequent annealing, or the results will be 
disastrous. Moreover, after each annealing the brass has to be 
cleaned in acid to remove tite surface deposit of oxide. As an 
inutanoo of this, Hir William Anderaon states that in the pro- 
duction of a brass ((artridge ease, measuring 16 ins. in length and 
tapering from 7 ins. diameter at tho breeoh end to 6| ins. at the 
mussile end, niiuio fron> a disc of Iiitihs 128 diameter by J icw. 
in thioknesR and weighing 2H| Ihs,, no less than eight annoalinga 
and oleanings in aoid are ueoessary during tlie stagtfs of drawing. 
If an attempt is mado to lessen the mnidier of annealings tho 
alloy in tho flnishad pnKhwt is in a stale of iiioleoular strain, 
and the elFort of tJio mutal to return to ita natural state of 
equilibrium results, in the omirsu of time, in the fraoture of the 
metal Instaiieos of cartridge esses ontokutg b) tids WUWW 
while in the arsenal storm caused ooiuddecable tronbla mitfl 
the osuse was discovered, This eraoklng, vhteh nmy not take 
place until many months after tht maaufaetare of the artiole^ 
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18 known as ** season” oraokiug, ami is very liable to occur in 
drawn tubes if the pinch has boon too jjfreat and tJie annealing 
insufficient. In an a<5tual case under obsorvatinn a tube was 
noticed, throe inontliH after tho date of nianufacturo, to be 
slightly elliptical in sot^tion. After six nionths tho ollbct was ex- 
aggerated, and not until one year had olapsod did tlio tube actually 
crack. The cracks always occur longitudinally, and tho average 
. time of appearance is from six to twelve months after manufacture. 
Season cracking is also liable to occur in spun lirass. 

The annealing of brass is carried out in reverberatory furnaces, 
which may bo hoatod by solid or gaseous fuel ; but in either case 
the object aimed at in tlm construction and working of the furnace 
is to maintiiin a reducing atmosphere so as to cause a minimum 
of oxidation, Tlio temperature of annealing is of great import- 
ance, and much light has been tbvowu on the subject by tlie work 
of Oharpy. He experimented on brasses of varying csomposition, 
which were hammered and rolled until a maximum hardness 
was reached. Mechanioid tests were made on these brasses in 
their hardened condition, and also after anruialing at gradually 
inoreasing temperatures. The results show that up to a certain 
temperature annealing is without efibet, Above this temperature 
(which is not absolutely fixed, but depends on the amount of 
hardening the alloy has tmdergouo) the cflbct of annealing in- 
oreasoN with the incrraHC in temperature tintil a maximum is 
reached. Above this point tlmre is a range of tenjperature at 
which the properties of the brass remain unaltered, but beyond 
the upper limit of this range the alloy rapidly deteriorates and is 
said to be burnt. The flgtires obtained from tho annealing of a 
brass containing 10 per cent, of copper and 30 per cent, of rino 
may be taken as an example (see p. 181). 

It will be seen that annealing below 280* has practically no 
effect, 420*, however, there is a very tnarked Hoftening of 
and the maximum ellbot of annealing is reached at 600*. 
According to Charpy the alloy made from pure copper and rino 
o4n be annealed at a temperature of 900* without being burnt, 
but the same brass containing 0’16 per cent, of tin and 0*2 per 
cent, of lead is burnt at about 800*, The mechanical properties 
of the series of alloys in a completely annealed condition con- 
taining from 0 to 60 per cent* of sine have been determined, and 
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the results of the toiisile tests Hiid elongations are plotted in the 
ourves in fig. 66. Tests on tho oompressive strength of the alloys 
showed tliat this property varies inversely as the elongation, and 
the results of shuck tests shuwod that with alloys oontaiidng less 
than 48 per oout. of aitio tho fragility was negligible j but beyond 
this limit tho alloys rapidly booamo brittle, and those oontaining 
more than 60 per cent, of sino hrulm with tho slightest shook. 
From those rosults Gharpy aoiioludos tliat as far as tho meohsuioal 
properties of the brasscH are oonoorned tho alloys should not 
contain more than 45 por cent, of sine, and that no useful purpose 
is served by having leas than 80 pur cent, of sitm. 
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The iiifluenoe of prolonged annealing on bnumes oontaining 
more than 66 par ount. of oopper ie of oonsidemble interest. The 
structure of those alloys in oast state ooneists of crystallites 
resembling tliuso of bronso, but if the metal is annealed at about 
600* the structure gmduHUy changes, tho oryatallitM disappearing 
and giving place to a well dtdiuud oiystallino struoture resembling 
that of a pure metal. With prolonged annealing tiiese oxysteds 
ineruaee in sise ; and if a sauipto of ountmorcial roiled brass, whoso 
struoture oonsiste of email oryetals, ie annealed, tho oiystals wiU 
attain a oonsiderable eiee: but in this ease the rmult of the 
meohanioal treatment which the metal has undergone it made 
evident by the appearance uf ** twin " etyetale. kige meyilwie 
are ooiupoeed of a homogeneous solid soInti<m, and are themsdres 
lixuoturelese. 
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Brasa is capable of withstanding very drastic treatment, and 
in addition to rolling, drawing, stamping, and apinning, it is 
capable of being extruded or forced through dies at tciupera- 
turea somewhat below the melting-point of the alloy. Great 
advances have boon made within the last few years in the 
extrusion of brass, and complicated sections which it would bo 
impossible to roll arc now regularly manufactured by this 
process. 

Up to the present wo have regarded hrass as a siinplo alloy of 
copper and sine j but commoroial brass invariably cmitaius other 
metals, and, although tluty arc only present in small quantities, 
their presence has an important iufltionco upon the tpiality of the 
brass. It is thoroforo necessary to oonsidor thorn in some 
detail. Some of those metals are added intentionally in order to 
confor certain properties upon the alloy, and others occur as 
impurities. Those added intentionally are lead, tin, and iron, 
while load, arsonio, antimony, and more rarely bismuth, are 
introduced uniuteutioually. 

Brass is never entirely free from lead, as the zinc 
employed in its produotioa invariably oontaitis a small percentage 
of lead. High-grade bmss, however, should never ooutain more 
than O'lO per cent, of lend or its ductility will bo impaired. In 
the cose of hrasses which are to be turned or machined lead is 
added iutcutioually, and the object of the addition is readily 
apparent when the structure of the brass is ouusulorod. Lead 
does not alloy with brass, !mt separates out in the form of 
globules and films hutwcou the crystals of the brass, a oonditiou 
which necessarily weakens the Ujotal, and is only permissiblo 
where strength is of soeoudary importiuioe. The presence of 
2^ or 3 per oent. of lead cannot be detected in a polished surface 
without the aid of a miorosuopo ; but if tho brass is broken the 
fracture is of a distinct grey colour, owing to the fkot that the 
fracture passes through the lead, How, it Is well known 
that a pure brass is difOioalt to turn owing to the nature of the 
turnings, which are long and tmiaoiuus, and tend to obstruct the 
mechanism of automatic machines. A slow speed has to be 
employed, and frequently a burr Is produced which ie difficult to 
remove. Brass containing lead, however, behave very differently 

the foot that the lead is in a free state, the alloy is less 
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tena(iious, and the turnings break off through the lines of 
woakuoss oaused by tho lead, so that chips are produced instead 
of long spiral turnings. Moreover the lead appears to act as 
a lubricant, with tho result that a much higher speed can be 
employed, atid a la^ttor liniKh giv<ai to tho woi-lc. 

The l)enoficial effect of lead in hrasHOH itjte.nd(Kl for toning was 
known long hefiH’O the nutnro of its influon<‘.e was understood. 
Percy states that it is usual to introdutjc a stnall quantity of 
lead (about 2 per cent.) iulu bnwH in order tliutr the ohips may. 
leave tho tool easily. He nioutionH that the lead sluaild be 
added after tho orncibh) has iionu witlcirawn from tho lire ; but 
the usual method is to add thi^ h‘ad after the aino, and while the 
orucihlo is still hi tho lire, yet at as low a tompemtur,© m possible.^ 
In any ease, tho alloy is thtnH*u|^ily 'stimid immediateiy before 
pouring. 

Tho alloy is ndlod cold, on acet^uut of its liability to crack if 
rolled hot, and the amount iif leatl whicli can ho added, without 
seriously aiVuotiug it as regartls its capability of lajing rolled, is 
about 2 per cent. Tho bust alloy, and that which is most 
oomtnonly usutl, etmtaiim ahtmt 80 per nout. of cojiper, 3d per cent, 
of sine, anti 2 jier ctmt. i>f lomi. 'rhrms samples of hard drawn 
sorewuudH quoted hy Sperry gave the fallowing mcohnnioal tosti;— 
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Tin should not ho prosont, as it imparts hardness and streogtii 
to tho alloy, properties which are not aimed at iu a brass intended 
for turning, 

meta! is often adthnl to briiss, and tho alloy is 
known as ♦* naval** brass. A small percentage of tin renders 
brass, and more espcialty low brasses of the Hunts metal type, 
less liable to coms^ion by nm water when la contact wtth gua*- 
rneted. It Is for this msoa that bnms tb. m 

employed la naval oonstruotioa Maval Imm ocatalna approtf- 
mately 63 per cent, of copper, 87 per oeat, <rf ilac, and 1 per cent* 
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of tin, while a Boftor alloy, snitable for tubes, eto., which has 
given good aervioe, contains 78 per cent, of copper, 21 per cent, 
of zino, and 1 per cent, of tin. 

The addition of 1 per cent, of tin to brass gives an increase in 
the hardness of the alloy, but does not seriously affect its 
mechanical properties. Beyond this limit, however, there is a 
rapid increase in brittleness and hardness ; and with more than 
2 per oent. the alloys lose their useful properties. 

Araenio <md An^ffteny.-- Oommoroial copper usually contains 
these metals as impurities. Their presence has an important iu- 
fluenoe on the quality of the brass produced. Antimony appears 
to be more injurious than arsenic, and, oven in small quantities, 
is capable of rendering luass unfit for rolling on account of 
oraoking. 

Sperry found that as little as 0‘02 per cent, of antimony in an 
alloy of 60 per cent, copper and 40 per cent, zino gave rise to 
incipient cracks during the neocBsary aunoaling and rolling. 

Bimuth also ooours, though more rarely, in some qualities of 
commercial copper, and henoo finds its way into brass. Its efi’ect 
is very similar to that of antimony, but, according to Sperry, it 
is less injurious. For example, he found that brass oomposud of 
60 per oent, copper and 40 per oent. zino containing 0*02 per 
oent, of bismuth rolled almost as well as pure hnuM and was free 
from oraoks. Sperry, therefore, gives this figure ns the dividing 
line between good and bad brasses of titis composition ; hut he 
states that high brasses intonded for cold rolling should not com 
tain more than 0‘01 per oent. of bismuth. 

It is not diffloult to understand the nature of the behaviour of 
these impurities. Neither antimony nor bismuth is approoiahly 
soluble in copper or in ooppor-zinc alloys. The result is that when 
the brass cools down atrd solidifies, the antimony and bismuth 
(either in the free state or oontaining small quantities of copper), 
smeb lower melting-points than the brass, remain liquid, 
ml ftoalfy solidify between the crystals of the brass. Conse- 
quently, each grain or crystal of the brass Is separated from its 
neighbour by a thin, brittle film, and when the brass is rolled these 
separating layers ora incapable of withstanding the strain, and the 
aU(^ oraoks. Arsenic, on the other hand, is distinctly soluble in 
copper, and is therefore Ims harmful. In foot, it has a hardening 
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effect upon the copper, and its preseuoo is sometitnea actually 
benolicial, provided the limit of aoluhility ie not exceeded. As a 
rule O'B per cent, ia oouHidored the maximum. 

Iron hae boon added to braaa from early tinioa, Imt it is probable 
that its proBouco in old braaHim was accidental. At the present 
time, however, ir<»a is dolilioratoly adilod to brass in order to 
produce a atrojiKor and harder alloy than ordijiary brasa. An 
alloy oontainiun oIoho on 3 per tsoiit. of iron whk Bug(](o8tod by 
Koir in 1779, and later the alloyM known as sterro motal and 
Aich’s motal^ wore introduruid. 

Hterro metal coutaina (lU pur cent, of copper, SB per cent, of 
sine, and 1‘5 to 2 per <!ont. of irtjji, and Ainli's motal is practically 
the Hamo, althimgh various analyses show that the perooutsge of 
iron varies within wide liuiitB. 

One of the fuw reliable tests of tlioHo alloys is given by Baron 
ItoBthurn, who tested a stunpls of sturro metal oontiiiuiug 6R*04 
per cent, of copper, 42*36 par cant, of aiim, O'HH por cent, of tin, 
and 1*77 per cent, of iron, with the ftiUowing results j — 


OonditiuDi* 

Ttjfiiuiity in ftar wj. In, 

(kit . , , . 

Foraid 

Oola drawn . * « 

m,m 

7«,!60 


The very variable percentages of inm found in these alloys was 
probably due to the impsrfeet methods of manufacture, the iron 
being added in the form of a oappe^irQn alloy which was in all 
probability not property alloyed. In 1883, however, Alexander 
Diok took out a piiktent* for the inaimfaoture of iron brass whioh 
he called Bdlta metal, and siuoe th-it time these alloys have been 
largely used. 

The ssaentlad featuree of Dick's {latent wore ^ 

(1) The introduotion of the iron in. the form of an alloy of Iron 
and sine, whioh oould be obtained of reliable oompoiutiun ; and 
(2) the addition of a small perountsge of phoephmii% whWh has 
the effeot of preventing oxidation. 

In addition to iron and pliosphwua, boverei’i eoMun^tdal Delta 
’ Pstaiatttl 1880, No. 97A ' * No. 848*. 
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metals frequently contain munjj:anosu, aluminium, tin, and some- 
times load, which accounts for the dittiirimt oompositionH as shown 
by various published luialysos of these alloys. 

The average composition is approxiniuloly copper 66 per cent., 
sine 42 per cent., with 1 to 2 por cent, of iron and small qxiautitios 
of manganese, aluminium, etc. 

Delta metal is stronger, hnnlor, and tougher than brass. It is 
easily cost, and is capable of lieing rolled hot and drawn cold. In 
addition, it has a much greater power of resisting corrosion than 
ordinary brass, which enables it to bo used for many imrposoB 
where Wss is inadmissilde. 

The table on p. 149 gives some results of tests made at Lloyd’s 
on samploB of Delta metal. 

Delta metal was employed for thu inanufaeture of the worm 
wheels in the first looomotives used on the Tilatos mountain 
railway and gave very sutisfaetory results, as reported in the 
Si^tBsineriachea QamrbthUtt of 8th .fnno 1889. Tlio oastiugs, 
which were tested by Prof. Tetmayer, showed a tensile strength 
of 21j|' to 23j^ tons per sq. in., witli au elongation of 30 to 40 per 
cent, on a length of 7| ins. 

An iron brass under the name of Durana metal is nmuufaotured 
in Germany. It appears to olosoly rosomblo Delta metal in its 
properties, and is mode in several qualities. Tests on a number 
of samples of this alloy gave results varying between 23 and 43 
tons per sq, in. ultinmto stress and to 38 tons olustio limit, 
with elongations of 60 and 4ji[ per cent, respeotively on a length 
of. four inches. 

The oonstitution of the iron brasses has not been sulHoiently 
investigated, but when present in small amounts the iron enters 
into the alloy in the form of a solid solution and dues not form 
definite ohemioal compounds. When more than abotit 2 per cent, 
of iron is present a compound of iron and siito is formed, 
r The maiority of the oommeroial brasses are considerably oora- 
plioated owing to the presence of manganese and aluminium in 
addition to the iron, and there is an increasing tendency at the 
present time to use brasses of a complex nature in preference to 
those containing, in addition to the copper and sine, a single 
-metal such as iron, manganese, or aluminium. 

[Tabu. 
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CHAPTER II. 

COPPER ALLOYS. SPECIAL BRONZES AND BRASSES. 

Phosphor«bronze, 

Thh addition of phosphorus to bronze has usually been attributed 
to Dr Kiinzel of Dresden, but it appears that De Riiolz and Da 
Fontenay had carried out experiments on the introduction of 
phosphorus into bronze as early as 1868. 

Phosphorus unites both with copper and tin, forming the alloys 
known as phoBphor<ojiper and phosphor-tin (see Chap. X.), which 
are used as the means of introducing the phosphorus into bronze. 

The action of phosphorus on copper or bronze is a double one. 
In the first place, as is well known, phosphorus has a powerfuF 
affinity for oxygen, and when it is added in the form of phosphor- 
copper or phosphor-tin to the molten metal, its first action is to 
reduce any oxides which may be present. The oxide of phosphorus 
thus formed has an acid character and combines with a further 
quantity of metallic oxides forming phosphates, which pass into 
the slag. 

The bronze, which is now free from the dissolved oxides which 
cause so much trouble, is more fluid, gives castings free from 
pinholes, and is superior in every way to ordinary bronze. 

If the quantity of phosphorus has been accurately judged, 
none of it will pass into the bronze ; and this accounts for the 
fact that many excellent bronzes sold as phosphor-bronzes have 
failed to show the presence of phosphorus when submitted to 
chemical analysis. Their superioritjy over bronzes 
without the addition of phosphorus is entirely due to the removal 
of dissolved oxides. 


I8d 
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The value of phosphorus as a deoxidisor is now fully appreciated, 
with the result that its iinporUnoe as a oonstituont of bronze has 
been oonsiderably nndermtod and misunderstood. It has frequently 
been stated that the only use of phosphorus is as a doo.x:idiser, 
and that when the quantity prosout is in oxeoss of that necessary 
to destroy the oxides in the alloy the bronze is inferior in quality. 
This statement requires oonsidorahlo modifhsation, as in many 
oases an excess of phosphorus is putqjosoly addtHl, and is found 
to confer valuable properties upon the alloy. Tho mistake, 
however, has probably arisen from tho fact that tho bronzes 
containing phosphorus have very diH’oront properties to those of 
ordinary bronze, and are very frequently not jidapted to tho same 
purposes. 

Tho term phosphoi'-bronzo is applied to many alloys, and to 
avoid oonfusiou those may ho grouped inU» three olasses ; — 

1. Bronzes of ordinary ooniposition, in which phosphorus has 
been employed solely as a deoxidisor, not more than a trace being' 
present in tho bronze. 

2, Bronzes oontaining less than 9 per cent, of tin and only 
traces of phorphorus. These are fretpieutly ptit on the market 
as "Rolled or Malleable Bhosphor-Bronze.'' 

S. Bronzes oontaining more than 9 per cent, of tin and an 
excess of phosphorus (jisually from 0‘2 to 2 0 por nout.), and sold 
as "Oast Phosphor-Bronze." Among this group may be placed 
the bronzes oontaining phosphorus and lotid used os hearing 
metals. 

The bronzes in Class 1 call for no speoial remark, as they are 
merely ordinary bronzes free from oxides. Those of Glass 2 oan 
be employed for all purposes for which copper emd soft bronzes 
are used, such as boiler tubes, condenser tubes, pump rods, piston 
rods, boiler stays, firebox stays, bolts, nuts, etc. When obld 
rolled these bfonses show a breaking strain as high as SO tons 
iq, ia. ett even more, with an elastic limit of about 26 tons 
per sq. in.; while the same bronzes, after annealing, give a 
breaking strain of 20 tons per sq. in. and an elastio limit of 
about 7 tons per sq, in. 

Boiled phosphor-bronze is also used for malting boiling vats, 
stills^ and parts of machinery working in liquids, on 
^4ooount of ite supedor rssistanoe to oorrosion. 
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At first sight it appears strange that those bronzes should resist 
corrosion better than ordinary bronzes, considering that they are of 
exactly tlio same composition ; but the resistance to corrosion is due 
to the absonco of oxide in the nxotal ; for it must lie remembered 
that such impurities have a very ducidi*d imfluewco on the rate 
of corrosion. This subject will be considered at greater length 
in another chapter, 

liollod phoHplior-broji/.e does not sufter any seriiuis loss of 
strength at teinporattinm up to 800'* (1, and it is freijuuntly 
rcconmionded for fivuhox plates and stays, 

The following table gives Home results of tests made upon two 
well-known brands of rolled phosphor-bronze {— 


Satnplo, 

GiimliUi>n. 

Himkiiig SU'otia, 
Tuna |iiir aq. in, 

Kkatir. T/iniit, 
Tuna |)or »i|. in. 

Klangatlon 
por cent, 
un 2 ina. 

n 

Un&uneakd 

2H*8 

28*0 

18-5 


l» M 

him 

BVfi 

17*0 


11 

81*9 

81*7 

17 6 


Aiimuikd Hhnot 

20*8 

7*8 

67*0 



Sil'l 

... 

is*r 


Mult 

2H-8 

27*8 

20*6 

m 

llrfibux 

amtmtrltal 

20 0 

*«• 

64*06 


Samples 1 to 4 are by the Phc»pho^Bran«e Company, and 
samples 5 to 7 at*e Melluid/* by Bullae Metal and Melloid 
Company. 

Much depends, of course, on the extent of the rolling] but by 
way of aouiparisDii It may bo taken that the bx^aking stress of 
copper varies from IS tons persq. in, in the annealed condition 
to about IB tons per sq, in, wlmn rolled, 

'Ah regards the tensile strength of rolhsi phosplxor-bronze at 
elevated temperatures, exporirnonts carried out on a “Melloid*' 
bolt showed that the breaking strtms fell from 2H*b2 tons per sq, 
in, at the normal temperature to 25*61 tons {Hsr sq* in. at 316“, 
On an armmlori bolt of the same material tlm breaking stress fdl 
from 19*22 tons per sq. in. at the normal temperature to 
tons per sq. In, at 214*] while a iimUaor bar isi copper^, Mbll 
under the same conditions, fell from 18*84 to 10*]W1 tons per sq, ip. 
From what has been said of the oooitdtui^on of the ooppei^ldn 
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alloys it will be aeon that the rolled phosphor-broniseB which have 
been placed in Olass 2 are solid solutions, and exhibit a simple 
orystalliue structure under the iniorosoope. 

The phosphor-bronxoB of Class 8 differ considerably from 
those of Class 2 and also from those of Class 1. Their con- 
stitution is somewhat complex, but of considerable interest. 
M. Quillemin pointed out in a uomtnunication to the Commission 
des Mtithodos d’Essai in 1894 that under the microscope phosphor- 
bronxes exhibit a struoturo resembling a fern leaf or fir branch, 
.and that this struoturo is not easily confounded with an ordinary 
bronxe. It is doubtful, however, whether this can be regarded as 
the invariable structure of phosphor-bronzes, as sometimes the 
structure of ordinary bronze resembles it very closely. Quillet 
states that the phosphorus appears to enter into the a solution 
(i.«. the solution of tin in copper containing less than 9 per oent. 
of tin). If the alloys are examined under a high magnidoation it 
will be. seen that this is not the oaae, but tlie reason of the 
mistake will also be apparent. It has already been shown that 
in bronzes oontaining more than 9 per oent. of tin a constituent 
S (SnCu^) separates out on cooling, and that this oonstitutent is of 
a pale bluish-white colour. Now, if an aooess of phosphorus is 
present in such an alloy it separates out on cooling in the form of 
phosphide of copper, which has very nearly the same colour as the 
SnCu^ constituent, hut slightly darker in shade. Moreover, these 
oonatituents ooour side by side (in faot, they form a e\ttootoid) ; 
and unless seen under a high magnification they appear as one 
constituent. On account of the similarity in oolour it is extremely 
diffloult to obtain a photograph, but by using a suitable soreen it 
is possible. Photographs 14 and 16 show the tom-like struoture 
referred to by Onillemln, and photograph 16 shows the oomhina- 
tion of SnCu 4 and phosphide existing partly as euteotoid. This 
triple euteotoid of the series contains 81 ‘0 per oent. copper, 14*2 
j«r cent. Nn, and 4*8 per oent. phosphoms, with a melting- 
of 620*. The eute^id of the two oompounds is shown in 
photograph 18. 
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accounts for thoir proportioH, differing as they do from ordinary 
bronze, and is sufficient to explain their great value for certain 
purposes. If, for examjdo, a phosphor-bronze is subjected to 
friction, it is obvious that the softer part of the alloy will be worn 
down, leaving the hard phosphide in relief. The alloy thus 
consists of intensely hard i«irtioles imbedded in a softer matrix, 
so that not only is tlio wearing surface largely decreased and the 
friction consequently reduced, but the rate of wear is practically 
the rate of wear of the hard body, phosphide of copper. Phosphor- 
bronze is therefore peculiarly adapted for the manufacture of 
the wearing parts of machinery, such as bearings and bushes, 
worms and worm wheels, slide faces, piston rings, etc., and has 
a much longer life than ordinary bronze. Moreover, as the hard 
{lartioles of phosphide are set in a matrix or cement of a compara- 
tively plastic material, the alloys are not as brittle as might bo 
expected, but are capable of withstanding considerable shocks, 
and will suffer distortion without breaking. 

The main feature, then, of phoRphor-brouzo is its remarkable 
hardness and resistance to wear ; and it would appear that for 
parts of machinery subject to wear there is no alloy to surpass it. 
The effect of the aflditioii <if phosphorus to tlio oopper-tin alloys 
is worthy of a little attention, (luiliet has made a number of 
tests on bronzes, the results of which are embodied in the 
following table: — 


Ouin;HfNiUon« 

Tttniiilo Sfcmnprtli. 
Tonn |>€ir mi. in. 

KI»»t{c Limit, 
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H'5 

a -5 
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M7 

11*8 

5*5 
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Krom tiiese results it apimrs that the addition of phgspbtffpf 
lowers the breaking stress (after a first in(H«us due to 
oliiniimlion of oxides) and also the elsstic limit and the elongation. 
After ail atidilion of 0'47 iier ooMt., however, the decrease is more 

18 
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gradual. It must be noted that the alloyn toted by (iuillet contain 
very appreciable quantities of zinc, a metal which should not bo 
present in the best phosphor-bi'onzo. 

Phosphor-bronzes containing lead aro used for bearings. They 
will be considered in the chapter dealing with antifriction metals j 
and it is only necessary to say hero that the lead docs not alloy 
with the bronze, but separates in the form of minute globules 
throughout the metal ; while the phosphide of ct>ppor separates 
exactly as in the other bronzes. Honoe a surface of tlio alloy 
contains a number of hard particles (phosphide) and also a 
number of soft partioles (lead), thus fulfilling, as will bo seen 
later, the necessary conditions of a good boaring metal. 

The phosphor-bronzes most commonly employed contain (1) 

8 to 10 per cent, of tin and 0'5 to 0‘1 per cant, of phosphorus; 

(2) 10 to 12 per cent, of tin and 0'7 to 1 per cent, of phosphorus j 

(3) 10 to 12 per cent, of tin aud 1 to I’E per cent, of phosphorus. 

The first of those is suitable for valves, pinions, pumps, pro« 

pellers, steam and boiler fittings, etc. It is harder and wears 
better than gun-metal. The sooond alloy is ooimidoratdy hiu’der 
than the first, and is suitable for worms and worm whools, valves, 
pumps, cylinders, motor gearing, oto. The third is an excep- 
tionally hard alloy without being hrittlo, and is oapahlc of with" 
standing the hardest wear. It is suitable for woram and worm 
gearing, slide valves, bearings, and all casus in wiiicli the wear is 
excessive. For eastings the Admiralty spooify an alloy oonlainiiig 
oQpper 90‘0, tin 9'7, and phosphorus 0*3 per cent. This is 
required to give an ultimate tensile stronglh of 17 tons por.sq. 
in., with an elongation of 16 per cent, on fi ins., niiii to with- 
stand bending over a 2-in. bar until the two sides aro parallel 
without any sign of oraoking. 

The following table, giving the results of a largo number of 
meohanioal tests on oommeroial phosphor bronzos tugothur with 
ohemloal oomposition, is due to Mr Arnold l‘tiilip, the 
^ jldmiralty chemist. It represents the moat comploto serios of 
tests yet published, and as it oontains a vary large amount o! * 
useful information in a small space It is reproduced here in full. 


[Tabi.k. 



Reswutb of Mbchaxicai* jlsd Chsxicax. Te&ss op Phosphor-Bbonzb. 


Sl’KOlAI, HIION/ 4 K.S AND D!IASS1'3R, 


1915 



,** imdfir hm^B^ test, mesas the sample beat witliout mdkiiig or breaking tbnmgli 180 *, 





op MaoHANioAii AND CHEMICAL Thsts OP Phosphok-Bbonzb — contiimed. 


196 


alloys. 


Bemarks. 

Rejected on account of lead. 

Complete article tested to 
10 cwts. 

Phosphorus too low. Dup- 
licate mechanical tests 
made. Rejected. 

i 

Results of 
Bending 
Tests. 

Satisfactory 

Percentage 
Elongation on 

6 ins. 

lOrHC 0..09 

eo • .... i • • flo 

r-« rH 

Percentage 
Elongation on 

2 ins. 

...^ipel8 ...ua, 

’ ' j OO-^i-lOW iHiOOCflON ’ • 2 

r-< CO iH rH .H rH iH iH rH r-l rH 

Ultimate Tensile 
Strength in tons 
per sq. in. 

«0 Cq _0O «0 

^00 . 

^ UO 2 » UO W iO O UO 00 <0 ^ ^ 

rHiH rHNrHrH »Hi-HiHrH»-HrHrHrHrHrHrHrH 

Results of Chemical Analysis. 

Totals. 

^(OO OrHOt^ fr^O 01 NJn-OOOOO OrHiH «0 

P p ^ P P CO ^ p p CO P O P P iH 

OOiO 0)00)03" 0)0)0)00)0)0)0)000)0)0) 

00)0 0)00)0) 0)0)0)00)00)00)0)00) 

tH rH rH iH 

Phos- 

phorus. 

Hficoo O« 00 DI> *»• O « Cfl **• O 00 00 CO rH tH CD 

pp^ pppp P'^plOt^pppOO^pr^ 

ooo oooo o o o o o o o o o o o o 

Zinc. 

1 -Z 'if'i ' ■£'3 = s s 

Lead. 


Tin. 

PP7I pppp p p iH p p p p p iH p rH p 

0000 iHOOO 0 0 0 tH 0 0 0 0 0 0 0 0 

tHiH iHrHrHrH rH i-HrHrHi-HrHi-HrHrHrH 

Copper. 

p p Ttl p^pp p p p p p p p p p p H 

OOpp OOpOOOO 00 00 «> 03 00 00 « 05 «) O) O) O) 

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 

1 ^' 

■ 

Sheaves 

Block . 

Casting 

Worm wheel lim . 
Casting 

Worm wheel rim . 

Casting 

Capstan gear 
Bearing 

Winch casting 

Bush . 

Sheaves 

at • • 

»» 

a» • • 

Gastmg 

Spindle 

Worm wheel rim . 

L.: . 

»ocotN.oo'o)Oi-H«eo-H<«)co 
rHrHcq ei(NciGi (N«oioi<Mcoeococoeoweo 


SPECIAL BEONZES AND BRASSES, 


197 


: ^ 

1-5 

S 3 

H 


I I 

I 


I 

I 





d 

ll 

6^ S ft . 

1 



: J 

:p 

g-s 

PQJ5 

CQ 





.§a 

(N 



o Id nn tp 
vcs o> «b is 

M tH 

. . •‘P • • 

CM Ud : H : rM o ^ • • 

vH rH <M (N Cq rH 

;9 9 9 ; 

• rH -tH 00 ! 

rH Id 

o . p . . 

o : : 

CM rH 



^ ^ \Gi o ^ <o ic> t-* CO oo <0 

iHrHHrHrH<NC^(?1rHC^rHrHrHrHr-tr-( 

p ^ p p ip 

CO A* b b 

rH rH (M (M rH 

H . ^ ^ p 
rH • 00 V9 rH 
cq rH rH cq 

: 


(O OO lO 

iH p iH p 
iH A O O 

o o» o o 

rH rH »H 

OOrHOO«<HCOQeDN(Mlr^O 
p Ip p p l(Si p p p 1^ p p 

OioicnodOioaoapoocA 

cnicncnoicbcocTdOooicn 

rH rH 

O «0 00 Id 
p P p p p 

b o b b b 
o> o o> oi oi 

rH 

IQ rH CM 00 H*« 
p p p p p 

o b b 09 b 

O 09 09 09 09 
rH 

b 

09 


«C> -"(H CO «» 

M p p p 

o o o o 

WrHOO-^MOpCaNl’^ g 

W b« ip ip p Ip p p p ip S 

ooobooo6oo,S 

g «0 p Id Hll 

S ^ p p p 

£ b o o b 

IQ rH eq 00 hH 
p p ^ p p 

b b o b o 

IQ 

9» 

o 


sg e : s 


M •« «% t% 

^ «i »s 


n 


1 s — 

r>H 

;• s r s<r»g s r s 

o ” 



5 


p p p 1^ 

0> O 0» 
rH »H 

ppppippppppp 

0)0>O^^OiAOOOO 
rH rH rH rH rH rH 

p ^ p pp 
O O O) O 00 

rH rH rH 

p p rH p |»H 

09 C79 O O b 
rH rH 

p 

09 


p •TH p p 
^ O) CA 0I> 

00 00 00 oo 

^pppppppppp 

adCDcncncdQ>O)O)09d>ai 

OOOOQOOOOOOOOOOOOQOOQO 

•Jt< TH l;r p p 
«0l 0> 0> Ol 09 
00 00 00 00 00 

p l>- iH p iH 

09 09 09 09 O 

00 uo 00 00 09 

(JO 

g 


• • « • 

il.- 

ll ■ ' 

1 

1 

« 'S 

1 ^ g 

1 ""S 5«5*Sr§ 
1 ^ ^ 

. 1 = 
8^ fl 

• * "r^ 

t 

A 

l*f 1 

III Ecv 

* 

f 

GQ QQ ^ 

:3^9^!S!S*;;33SS3 

(M CO hH Id «D 
lo lo ^ S5 to 

Ir^OO 09 O rn 

Id IQ IQ CO (O 

S 




OF Mbohanioal and Chbmioal Tests of Phosphor-Beonzb — continued . 


198 


ALLOTa 




SPECIAL BRONZES AND BRASSES, 


p 

eo 


.s^s4s484 

p p p 
® 80 *3! iH 

«tH p 00 p 0> 


<a 

i: 

:i 

J 

•g * 

•*s 

■*S 

a 

•J 

1 



ill 


?ii’ 

i & 

-S S 

gi.g i 

•■| i|j :: K 5 r i • 

•g ■S-d 

•a -l! 

1 '"rg 

cB A 


1 


. 9 <JP 

CO 


o*^ 

w «5 


ip p lip P P ^ ^ 

O OQ C» f/j fb ^ ^ OS 
\o PM iM (;r 4 03 oa 


* O 00 00 M 01 
PM tH ri H us ■'*♦' 


mH 

oa 


US »(S » 0 I PH ^ 

PM p p p MH p p p I P p p p M!H f/^ p p p p p p 

53 rH rM (N 04 »'*! Ol 04 Oi 04 04 ffO W W msH Mgi ^ 04 iH rH 


»0 0 » 04 Wl lO OP |«J O '<0 'jfi' *«4 r-« <5 rni jM «0 O P P 

p »p p p O O ^ P p p p p p p p O p p 

a* p a* r* ► ■?> A:> o p a* os ^ O ® O 6 

m^b ca o o oppoi»oo 0 po,^. Oo 


^ f?! ^ t«S ^ p p r? I p p Ct p iH <;;««»«»< ^ MK ig 

bb bbboc^^bbo 0 0000000 *“* 


1 


1 

p 

00 


PP Ij^tpppip(^ 4 pppp^pi;«»ppppp 

OOP ^kbusM 4 l 4 f 4 ws>^bM(<>i<Ml>co«o(^tbe^bo 


p pp pTp 

rH iMf»i t/i *♦’'* O *«S* b o b jt** b o 

O OP a«OsOOOQlOPO^O;?sOOOOOlO 



200 


ALLOYS. 


Most of these alloys may bo doMoribod as Irtio phosphor-bronzes j 
hut there aro many others that contain, at tho most, traces of 
phosphorus, and it is probable that at tho present timo very 
little bronze of any dosc.ription is made withovit tho addition of 
a small quantity of phosphorus os a dooxidisor, 

Hanganesobronze, 

As in the (taso of phosphor-bronze, tho term “ manganoae-hronzo” 
is applied to alhtys of very variable uomposition. It may bo 
stated at tho outset, how(tvur, that in tho groat majority of oases' 
tho exproBsiou is somewhat misituuling, as tho alloys diifur very 
slightly in composition from tho ordinary brassos. It is only in 
rare cases that a oopper tin alloy eontaining manganost* is mot 
with. Those usually ooulaiu from 1 to 3 per oont. of manganese, 
which is often aooompanied by 4 or 6 per tumt. of zino and some 
lead. Quillet oitos two oases of alhtys employed for hydraulio 
machinery at high pressures having tho following ottniposition 



I. 

11. 

Copper , 

a 82*0 

88*ft 

Tin 

e H*0 

8‘0 

Zino ...... 

. 6*0 

5-0 

Load ...... 

. 3^0 

B*0 

Maiigaiioze . . , , , 

a 20 

0-6 


Although such alloys are sobhan used they aro not without 
interest, and a passing rofentnon may bo made to tho infltimico 
of manganese on th(» ooppor-lin alloys, Qnillot has submittod a 
aeries of alloys, oontaiuiug mauganoso in varying amounts, to 
meohanioa! tests, with the rosnUs shown in tho tablo:— • 



^om these resulte it would appear that the first effect of ntanganoso 
probably due to its influenoe u a deoxidieer, much in tho same way 
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m puosphoruH) is to give a higher breaking stroHS and elongation. 
When proBont to tho extent of more than tracea, however, the alloy 
rapidly betioinoH brittle, nnloBS rajio ifl proHont at tho same time, 
Tho addition of manganese to copper alloys was attempted by 
Stirling, I^arkes, and otlmrsj but their oUbrtB met with little 
success until, in 1H76, Parsons wfis granted a patent (No, 84:2) 
for tho addition of manganese in the form of forro-manganeBo to 
coppor-tin or copp(tr*/auc iilloyH, These alloys wore stronger than 
simple hronsdes or hrasHes, but diirumltios were axporienced in 
Obtaining sound casUngs. These were overcome by the addition 
of aluminium, and a second initimt wiib granted in 1888 (No. 
nfil2) to cover this improvemumt. It was then found that the 
addition of these metals to brass gave results mo much superior 
to those with hron/,e that the copper-tin alloys wore praotioally 
abandoned, Tho name, however, mm never dropped, and, as 
already mentioned, the alloys to this day are invariably described 
as manganese hrouKOM, Many of the isjst modern manganese- 
bronssoB diller hut little from Parsons early bronv,e8, as will be 
soon^from the following antilyses of two samples, 0X40 made in 
1893 and tlie otlier in 1913;^ 



Psmetiii Hmniea 

Modern Bronsa 


im. 

im. 

(J«i»|iBr . , , . 

50*48 

54*94 

Till , , • . 

t‘15 

1*88 

Iron * * » , 

PSO 

1*18 

Aluminitiiti • . « 

0*30 

0*85 

AUllgiltlMiiir^ , 

0*U 

0*47 

Ztuu » « . , 

40*81 

41*68 


Putting aside tho ooppor tin alloys aonhdnhig manganese, the 
alloys sold commercially os manganoBo- bronzes may he divided 
into two clasMcs :~ 

1, Alloys of copper and inanganoHc muitaining about 4 to 6 
per cent, of mangancsci 

2. Alloys of copper and sskm to which ferro manganese or oupro- 
mangax40se containing iron has bean added. These sJi|oyi 
quently contain aluminium and sometimes tiUf but the prinotpaJl 
constituents are copper and alno. 

The alloys belonging to the ftrtt olaas have a somewhat limited 
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application, thoir principal feature being thoir etrongth at high 
temperatures. For this rounon they have been vciy largely 
adopted, moro especially on the Oontinont, for firebox stays. 

The addition of manganoHo to (jopjnir iloes not materially harden 
the copper, but misos the tensile strength. The following 
figures are tho results obtained by (Juillot for small additions of 
xnanganeao :™ 


Ou, 

Mn* 

Totwilo Stri^ngth. 
Tuim por sq. in. 

Klantio Lituit, 
Tohn pur sq. in. 

Klniigntinn por 
Cent, cu 4 iii». 

mm 


M‘0 

0*3 

40 

Uf.*40 

4 MO 

It *51 

7*3 

42 


fl’fiO 

n* 

8*4 

88’n 


The complete series of ooppor-manganose alloys has not re- 
ceived much attention, but the alloys used commercially are 
solid solutions of manganese in copper, i^hotograph 20 shows 
a section of a firebox stay oonUlning 96 per cent, of ctjpper and 
4 per cent, of manganese. With less than 9 per ctiut. of mam 
gauoHO tho alloys can Ik) rolled or drawn. 

Tho use of tht*Mo alloys for ftreduix Ki4iyB will ho ctnmidorod 
in tho chapter denling with tim behaviour of alloys at higli 
tempciraturcH. 

The alloys of tho second class are those most commonly 
met with under tho natmt of manganose-bronssos, although they 
would be moro aoeuratoly doHorilmd as mimganuso-bmsses, From 
a theoretical pohit of vittw they have betm little studied, but it 
is evident from tho numhor of ctmMfdtuouts prosont that thoir 
constitution must bo of a complex charaoter. Many manganese- 
bronses contain only traces of maugaYtose, and some fail to show 
even luiaoes on analysis. In tlitYHo tho manganese has probably 
sarved Its purpose purely as a dooxidiscr, but it has left behind it 
the ir<m with which it was assooiated, and the intluonoe of this 
metal must be oonsidered, as It ooaum in by no means inappre- 
ciable quantities in nearly all those alloys, Tho addition of 
alone (that is to say, without the simultaneous addition 
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elongation. TJio alloyH also lieoomo harder and more brittle. 
As regards their oouHtitutiou the nianganese enters into solution, 
with the result that the iniemstruoturo is the same as that of 
the copper /lino alloys. This probably accounts for tlie statement 
made by (hiillet that the nnoroHtruuture of mangauese-bntssos 
is the same as that of <ujppur/iino alloys; but the oommeroial 
varieties of those alloys itivariably contain iron, usually in very 
much larger quatititios than the mangamme, and their structure 
is very diiTcront from that of tlio onlinary hrasscs. PhotogmphB 
21 atid 22 show the struottirc of a forged manganese -bronxe con- 
taiuing B8‘6 pot cent. (U)pp(u*, 38*4 per cent. Vine, 1*6 per cent, iron, 
and 0*02 per cctit. manganese, MangaTU!sed}rons!;as con taming 
upwards of 00 per cunt, of oox^per arc suitablu for forging and 
rolling, while those containing less than 00 per cent, of copper 
are used for castings ; and both of these varieties are made in 
various qualiticH according to the purposes for which they are 
roquired. Mangauustv-hroTi/iCs siufodda for forging or ridling, 
such as those nuumfociurid by the Maugano8edkouy.c and 
Hrass^ Company, have an ultinmte strength ranging from 27 tons 
in the mild quality to 3H t^ns in the higlj quality, the elr^tio 
limit ranging from 10 to 20 tons, and the elongation from 20 to 
46 pot cent. If the mcUl is cudd'^rollcd the ultimate etrexigth 
can be obtained as high as 40 to 60 tons per sq, In. 

Bron/ios of thin doHoriptian are used for studs, bolts and nuts^ 
pump*rods, pins, keys, eta., and, in fact, for {KcaoMcally all 
purposes for which yellow brass or Hunts are used. It 
can also be drawn into tubes which can be bent, either 

hot or (!old, and aro muoh stronger than bram 3 ^ 0 Qpper tubes. 
On thk aouount, together with its freedom from oorrMioo, it Is 
largely uBod for hydmniio tvibrai under heavy pressure, 

lu the form of plates and sheota it is of value in oases where 
a metal is required to withstand uorrosion, suoh as strainer plates, 
sheathing for yachts, pump valves, oto. 

Cast mangimeBe-bronea, like the rolled variety, is made in 
different qualitiles according to requirements, and has an ultimate 
tensUe strength of from 32 to 88 tons par tq. iu.# wttktJIB 
elaatio limit varying from about 16 .to If' to^ peir sq. hou, 
and an elongation of about 18 to 80 par o«rt. oo 2 ina. 

It is exo^ingly tough, and Is used for parte, of marine 
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engines, hydraulio rams, valves and oyliiidera, etc. Probably its' 
most important applioatiou is in tlm mannfaotwre of propellers 
and propoller blades. Am oomparod with iron or steel propellers ' 
it has many advantages. It is lightur, and therefore the strains - 
on the shafting, hearings, eto., are oonBuiombly roduood. Further, 
it is practically itnaiTeotod by sea water, so that the propeller i 
blades retain their smootit surface. In the ease of iron and steel 
the pitting duo to tho oorrosion of the sea water oausos a falling- 
off in the speed, and in time ueuiwMitatOM the renewal of the 
propeller. It has been stated that tho suhHtitution of a 
mangauose-hronsie propeller in plaoo of an iron one increases the 
speed of a voHsnl by about half a knot fur tho same coal oon- 
Buniption. Moreover, tiio alloy is capable of being workt-d oold, i 
and in several ohhos whore tlio propoller blades have boon injured 
by aooidents they have boon haininerod into shape without any ; 
sign of breaking. 

A minor, but not altogether miiiniKtrtant, oonsideration is the 
foot that a hronae propeller is always of value as a ooppor tdloy. 
These advantages more timn oomponHato for tlie extra iiutial oost 
of a manganeso-bronso propeller. 

In the early days of tnangauese-hronxe propellers erosion was a 
Horioua souroe of trouble, Imt it is okimod titat tiie addition of 
about 2 per oout. of uiokel to the alloy renders it immune from 
this troulilo. 

Tlte addition of aluminium to manganese-hronse given rise to a 
series of alloys poHsessing very remarkable and useful properties. 
Bronses of this dosoription were plaood upon the market several 
years ago under tlie name of '* Immadium ** by the Manganese 
Bronse and Brass Company. They have an ultimate tensile 
strength of 38 tons per sq. in. in the ease of forgings, and 42 tons 
per sq. iu. in the case of rultod rods, with an elongation of from 20 

25 per oent., and are made of diftbrent qualities to suit retpdre- 
Itumts. The Btouoture of these alloys is very similar to that of 
ordin»y mimganese-bronee, but of somewhat finer and oloser 
grain, the aluminium appearing to enter the alloy in the form of a 
solid solution. Photographs 23, 24, 20, and 26 show the atruoture 
of two samples of Imuiadium-bronse. The alloys work perfectly 
and take a very flue polish. They may be used for all purposes 
whew strength and toughnew are reouired. hnf. t.KoU ..-i.-'-'- 
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property ia the romarkaBlo resistance to the aotion of oorrosiTo 
liquids which they posHims. On tliis aocoinit they have been 
largely used in the manufacture of rods, valves, and other parts 
of pumps having to deal with acid water. 

Aluminium-bronze. 

Tho term “alnminiuin-broniso” is applied to alloys of copper 
and aluiuhiiuju containing from 2 to 10 per oont. of aluminium. 
With more than 10 per cent, tho alloys rapidly become brittle, 
and beyond 11 per cent, they are valuuless from an industrial 
point of view. 

The first aluminium-bronze was made by Dr Percy, and its 
properties sttidiiid by Dobray j but at that time alununiura was 
a rare and expensive metal, so that for many years the alloy, 
which was known as “aluminium gold,’’ was regarded rather as a 
ouriosity than a commercially UHoful alloy. With tho introduotion 
of olootrioal methods of reducing alumimum, howovor, aluminium 
bronze beoamo a prautieal alloy, and was placed on the market 
by tho OowloH Hmolting Company, who manufaotured alloys 
contaiuing from 1| to 11 jisr cent, of aluminium, for which they 
ulaimod an tdtimate tensile strength ranging from 9 tons per- 
sq. in. in the 1^ {>er cent, alloy to 60 tons per sq. in. in the 
11 per cent, alloy. Hinoe thuii the manufacture of aluminium has 
been much improved and the prioe lowered; but it is etiU 
Buffioiently high to prevent the alloys being more extensively used. 

The properties of tho copper- aluminium alloys have been 
studied by Gautier, liO Chatelier, and Gulllet, and, more recently, 
by Carpenter and Eidwards, who have oonflrmed and extended the 
work of Quillet. The equilibrittm diagram of the series is shown 
in fig. 66, but, as already mnntloned, we «re only oonoemed wM 
a small portion of tho curve, vis. that of the alloys containing less 
than 11 per cent, of aluminium, as Ute otitor alloys (with the ex- 
ception of a few represented by a small pirt of the curve at the 
otW end, which will be oonsicicrod later) are of no industrial 
importance. As regards the alloys lying between these two 
^portions of the curve there ie a definite compound corresponding 
to the formula GuAl,, which forms a idmple seriss of alloys with 
aluminium, having a euteotio containing 87 per oent. of aluminium. 
There ie little doubt that a oompound oorresponding to the 
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formula OuaAl oxIhIh, and, posHibly, one oorroaponding to Ou^Al; 

«> «omptmnds do 

no* fofiM simple alloys 



with tw)pper. They give 
rise to a sorios of solid 
solutions of a complex 
and unstable character. 

A 1 u m in i u m-bronzes 
may be oonvoniontly 
divided into two groups, 
via. (1) thoBO contain- 
ing from 0 to 7'S6 per 
cont. of aluminium ; 
and (2) tlioso ooiitaining 
from 7*3R to 10 percent. 
Up to 7 ■3(5 per oont. the 
alloys oonsiHt of a single 
homogeneous solid solu- 
tion and are extremely 
ductile (photographs 28 
to 31) j whereas the 
alloys containing more 
than 7 ’36 per cent, con- 
tain a hard, dark-col- 
oured ooimtituont which 
is aooompauied by an 
iucroaso in tho tensile 
stretigth of the alloys 
nntl a dccrooHe in duo- 
tility. The curves in 
flgH. 87, 88, and 89 are 
plotted from Um restdts 
obtained by Garpontor 
and KklwardB on sand 
oostings, rolled bars, and 
cold-drawn bam respecxl 
tivoly 1 and are quite in 
acoordanoe with what 


would be expected from the mlorosoopioal appearance of the alloys. 
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belonging to the first group (z.e, those containing 
^ 7*35 percent, of aluminium) are very similar to high- 
^a,ssos containing 70 per cent, of copper, and can be em- 
ixistny purposes in place of brass. The alloys can be 
fox'g'ed. and rolled, and can be drawn cold. Unfortunately, 
pirioe is a serious drawbrack to their more extended use, 
^33. special cases; but the alloys containing 2 per cent, of 
laave been used in the manufacture of tubes and thof^e 
S per cent, for rods, etc.; while, owing to th^i> 

C^' 


► — — tC3* 




Fig. 67-“'Tun8ilo Tests on Sand Castings. 


il gold colour, they have been largely used for art castings* 
ap jowellery. 

' of -fclie difficulties met with in brass, such as ** season 
€bic*e also common to aluminium-bronze; and it has been 
hett t>i.ibes which have received too great a pinch in the 
; will fracture in the course of a few months in exactly the 
Ety SLS brass tubes. Moreover, on annealing aluminium- 
jItlo crystals increase in size, just as in the case ? of brass, 
'owfcli of crystal is accompanied by a decrease in^h© 
3 strength of the alloy and a very marked fallmgHoff,;in 
d-point. The table on p. 209 gives the results ^tained 
mentor and Edwards in the case of four alloys. 
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Alu- 

minium. 

Condition. 

YioM. 

point 

tfltimato 

Stress, 

Elastic 

Ratio. 

Elonga- 
tion on 
din. 

Rfiduo- 
tibn of 
Area. 

Por coni;, 


Tirtiapor 

Tiiiw por 



Per cent. 


Kiillcd- 

in. 

eq. in. 




0*10 

XJiitrotttod 


14*60 

0*48 

65*5 

90*71 


Olio linur iit fiOO* 0. 

5*0 

14*11 

0*85 

65*0 



„ 000* il 

6*8 

18*26 

0*44 

66*0 

87*66 

2-99 

Untnuited 

11^6 

19*79 

0*59 

67*26 

86*11 


Ono hour nt 600* 0. 

6*9 

18*64 

0*87 

66*00 

89*84 


H 9(^0* 0. 

5*8 

19*76 

0*80 

82*6 

88*60 

6*76 

Untrow-ted 

11*8 

28*40 


74*2 

76*98 


Ono hour ttt 600* 0* 

9*4 

37*20 


77*0 

76*00 


„ 000* a 

0*0 

28*66 


86*0 

70*00 

7*85 

TJntimtod 

10*6 

29*68 

0-88 

72*6 

74*84 


Ono hour at 900* 0, 

mMM 

28*89 

0'80 

92*0 

72*00 


In those experiments the alloys were only heated for one hour; but 
a practical example of the efl'eutH of ountiuued heating has been 
recorded in the ease of a looomotivo belonging to the London and 
North-Wostom Ilailway Company, which wiui fitted with aluminium- 
brouxe hrebox stays. After being in use fur two mouths, during 
which time the looomotivo hod rtin only 2400 miles, ft hod to be 
taken off tho rood on account of the number of fractured stays. 
This quoHtion of tho muuhanioal properties of alloys at temperatures 
above the normal is an exceedingly interesting one, and is dealt 
with in more detail in another ohapter. 

As regards tho goneral heat Is'eatment of these alloys their 
properties appear to be little affected, whether slowly cooled or 
quenched. In this nwpeot they differ from the alloys of the 
second group, ctmiaining more than 7*86 per (smt, of aluminium. 
The oiirves in figs. 60, 61, and 6S show the results obtained by 
Carpenter and Kdwsrds on chill oaetiugs and on sand castings 
slowly cooled and quenched from 800* C. 

Tho alloys belonging to the socond group are composed of two 
oonstituents, tho new component being a hard aoioular mass, 
trliioh was formerly supposed to be a eutootio (photograph 82) j but 
when examined under high powers its structure can be easily distin- 
guished from that of a suteotio. Photograph 88 shows tins sedated 
or aoicular structure of this oonstitusnt It appears to be a 
solution of an unstable obaraoter, as it is profoundly altered by heat 
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troatinent. Undoi* prolonged annealing it gradually loses its 
atruoturo and appears to reach a stable ooudition, Oonse- 


1 


pet 



Fio. 80. -'■Tensile Tests on OIulI Ossungs. 




— Bi 


FiOs 61.— Towiflts Twjta on Snnd CSwtdM slowly oooliKi from 800* 0 
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bronzes of this olass are still ductile, and have been used for 
propellers, while Carpenter and Edwards claim that they are 
unsurpassed for the production of castings intended to withstand 
high pressure. 

Pig. 63 gives the curve representing the hardness of the series 
of alloys containing aluminium up to 15 per Cent,, as determined 
by the Brinell test, and illustrates very plainly the rapid increase 
in hardness caused by the appearance of the hard constituent* 

Tons 



JB’xo. 62.-- Tenaild Testa on Sand Castings, quonohed from 800* 0. in Water, 

The melting and costing of aluminium-bronze present no great 
difISoxilty, although both opt^ratiuns must be carried out with 
greater care than is neocHsavy in the case of ordinary bronze or 
brass owing to the readiness with which the abinunium becomes 
oxidised. The alloys ore melted in gmj)hite crucibles under a 
layer of charcoal and with as little stirring as possible to prevent 
oxidation. Under these conditions very little alteration in com- 
position is noti(jeable on remelting* The fact recorded by several 
observers that copper and aluminium unite with the prodm^i um 
of intense heat is due, not so much to the combination 
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and alnminium, as to the oombiuiitioii of the oxyneu contained in 
the copper with the nluminhnn. Tiio lioat evolved on alloying 
deoxidised copper with alnmininm is oom[)ariitivoly slight. 
Aliiminium-bronise undergoes oonsidorahlo ooutraotion on oool- 



aHowiuio® must bo msdo for this in casting the alloys, by 
lab^ing large gates and a gowl head of the tnoUen mohil. The 
oasldhg should also be carried out at as low a tetnpcratiire as 
possible. There ie no doubt that the contraction or sitrinkage of 
aluminium-bronsio, together with its pronenosa to oxidation, have 
done much to hinder Its adoption for many purjKJsos for which it 
: be usefully employed. The \mtat required to oou»- 
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ponsato for tho nliriukuKO JUHiOHsitato tlio niitlting of »n oxocw! of 
metal and tho prf)duoti<iu of large quatititiee of Borap to bo »• 
molted, thoroby raming tho (.‘oat of produotiou. 

As I'ogarda the alii» 0 Mt iimlnHtanooHs oxidation of tho Burfaoe 
of the ranUinn alloy when oxpoaed to tho air, and the dillioulty of 
koopuig this oxide out of the euKlijigH, Sperry Baya : ** Tho groateat 
obetivolo in the way of oaKtiug aluminium hrotmi in ita oxidation 
whon moltod. Whuuever tliu Burfaoo of the molten metal ia 
oxpoHod to tho air, a Him of oxide of aluminium fortuM on it. The 
more it is oxpuHed, tho greater tho amount. Thia uxplainB why 
Hivh a largo amount of drowH forma when ahiminitim-brMnxo is 
being atirrod. Whon allowtid to remain at rent In a oruoihte, very 
little forms, as the surfaeo of tho metal i« {mdeetod by tho film 
already on it.,' It also shows why alHiiiijdnm-hnmwi shmild 
always he poured with as little stirrittg as {anisiblo. Any agent, 
suoh an wot sand, wltioh tends h» siir the metal up, produces 
droHB aiid tho aooompanyiiig dirty eastings. The more quietly 
alumimum-brony.o can bo ja)iH’i>it, tho better tho castings. The 
only method," ho wlds, “ by whioh it can Iw oast in a uotntneroial 
manner Is to prevent its being agitated while tho pouring is 
taking plaoe, oither by stirring, too high a drop from enudblo 
to tho mould, or by wot Hand. Tho moro quietly it oiua be ptmrKl^ > 
the smallor tho quantity of dross. Dross whioh forms is mditfng 
may be skimmod ofT, but that whioh forms whUs pouring is 
taking plaoo enters the casting. The varloui skim gates, pouring 
from the bottom, eto., are all effioaoious, es they serve to trap the 
dross and prevent its ontranoo into tihe easUng.” 

In addition to the binary alloys of oopper and aluminium* allege 
oontaining a small |ieromtlag« of nickel have been plaoed OQ ^e 
market. The addiUoii of niokol appears to give harder and 
stronger alloys, but there is very little available information as to 
their praoti«d uses. 

Aluminlum-bronsos oontaining 1 to 2 per cent, of silieon have 
alto been plaoed on the market under various trade names. 
addition of silieon has thn elfeot of inoreesing the twosile 
of the alloy, while the falllng-of In tiie elongattoB , 

very oonsiderable. 
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Aluminium-brasa. 

AluMihunTft-braBH, m its nuiuo iniplioa, m a ImiMB containing a 
small <}uantity* not axtuH*<ling 4 pwr onnt. — of ahuniuhun* The 
alloys wore phuH^l on tho marki^t by tho Cowles Kloc.trits vSinolting 
Company, toguthor with an alloy containing iron in mhlition to 
abimiihnm, which was known an Horculos metal. Thimc alloys 
arc still in nso, and rofuroncu has alrt*ady been nuulo to tnanganese- 
brasMOs containing aluininitim, 

Tho cuimtitntrion of alnminium bntHH(‘H him been ntmlicd by 
Guillot, and his rosnlts arc of (JonHhlorable inturoHt. Ilis oxpori- 
tnmits have been uarriiul out on tlio two important types of 
brass containing rcHpot’tivcly *H0 and 40 por cent, of ssino by 
adding iucrcasing qnantiticH of aUnniniuin. lie tbulH that the 
structure of tho alloys is tho «amo as that of tho common 
brasses, the alutninium appearing to have the Hame ohbet as 
sine, but to a greater degree. Tims an alloy containing 38 
per cent, of ssino and 2 por cent, of aluminium has tho structure 
of a brass containing 45 per cunt, of sine ; and this holds good 
with all the alhiys, so that (luillet argtioH that in thoHu alloys 
I por cent, of ahtminium is otjuivaUmt to 3^ por cent, of ssiuc. 

With mure than 4 per cent, of aluminium tho ullnys are dillimdt 
to work. 

AUuiiitjium brjiHH givcm oxi’oltont castings, and can be rolled 
and forged while Imt. it is suitable for ptuaps, valves, pinions, 
etc., and also for propellers. UuUkt staitm tlmt the alloys have 
been used in France for the ooimtruatlon of eubmarincs, but that 
they have not proved entirely satisfactory* 

The mechanical properties* of m^veral of tho alloys have 
ako been dcterminoil by Ouillet, and his results are shown in 
the te^o (see p» 216). 

A number ol aluminium-brasses, Ui sumo of which a small per- 
of irem hea been atlded, mre now on the market, and their 
prc^erbks are similar to those of the mangiwicse brasses to which 
reference has already been made* The addition of iron is of 
interest, as it alters tho structure and pmi>tirtlcs of the alloys to 
some extent. The iron unites with a portion of the sine to form 
a definite oompound which separates out m small lamielos or 
cigfstels, thus forming a nuoleus around which the so called S 
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constituent solidifies. This stnioturo, which is illimtmted in • 
pliotogroph 26, confers upon the alloy the power of iuoreased 
resistance to wear without materially all'cotiug its strength or 
ductility. 


Oomptmiliolu 

TiuiHild 

ill toiiH pur tt(|. i}K 

KluNtio Jjirnil. 
ill tcuiN por mp in. 

Kloiigatlnn 
|ior cwmt 

(Joppor. 


Alununium. 

PH 

tiO'O 

0 0 

8*7 

a-o 

f»0 


20*9 

0-1 

12*0 

2*9 

f.i) 

mSSm 

28*8 

0 0 

14*4 

4*2 

07 

70*5 

ao-4 

8 X 

21*6 

8*6 

60 

70*1 

24*7 

5*2 

92*2 

4*7 

n 

00 *0 


0*0 

20*2 

6-1 

47 

50*0 

40*1 

0',1 

20*6 

0*2 

51 


40'a 

0*8 

19*6 

0*0 

45 

60 0 

Sft'fi 

2*9 

20*2 

7 '6 

14 

00*4 

3S’0 

4*7 

28*0 

11*8 

2 


MmoHANioAi, Tkhth ok Au.oys, Rohi.ici), Duaw.k anij AkN1(IAJ.S0. 


Ooiipor, 

[>ompo 

Zina. 

Hitimi. 

Aluiuiiiiuitr, 

iu touti per mi* in» 

Kli^Htio Limit 
in tons per iq. in. 

ISlosni^tto 
per cent. 

81*4 

88*4 

0*7 

22*3 

6*4 

46 

uu a 

38*2 

1*1 

24*2 

7*1 

86 

fll'O 

37*7 

1*4 

28*8 

7*8 

48 

68 •« 

87*9 

2*0 

24*8 

n*6 

17 

S8‘8 

87*2 

2 7 

28*2 

11*2 

16 

BOO 

80*4 

8*0 

80*6 

11*0 

IS 


Vanadium^Bronze. 
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rempvos all oxiflos, tharoby giviu^j; Houudor castings and more 
homogenoous inotal. A small adtlilinn of vanadium ouablos pure 
ooppor to bo cast with oiwo, and the ductility is rather increased 
than decroattod. The poHsibility of making intricate castings of 
pure copper is of tho groatust importauoc in the nloctrical industry, 
and vanadium is of great aHsiMtaiujc in thin renpoot, but it must 
bo romemberud that an oxoosh of vatnwlitun inoreaHos tho olootrioal 
resistance of the copper to a nt^rious oxtont. For other than 
electrical purponoH, however, an exotms of vanuditnn inuimacs tho 
strength of copper and copper alloys. Himm reaultH obtained on 
those alloys in Amtirica have been givt»n by Norris. He states 
that tests on a 60/40 bruss in which only a trace of vanadium 
remained showed an inen^iwo in toimile atnaigth from 17 to 22 
tons per sq. in. and an inomufod eloiigati(m on 2 Ins. from 28 
to 45 per oent Tests on twe^ sainplos of mangancHediron/o are 
also given as follows 


Pomptmitimi. 



IHangantWfx 

VitimiUttm-liroaaits 

Ocin»»»r ..... 

mm 


^inc 

SHcm 

8«*M 

Alumiiibim .... 

1 '2U 

a*4H 

Idangiin^w^ .... 

0-ee 

0*4« 

Inn ..... 

0*^<4 

I ‘00 

Janadlttiu .... 

nil 

0'0,8 


UltimaU teiniiUi stmugth 

24 2 tcini 

mn t<imi 

BllMtlO IWt , . . « 

18 -a 

83*8 

Bbngaticm en S ins. 

22 Ointt, 

la tmr uttut 


18 » 

14 .. 


An alloy similar to mngiiniime-bronsa but in which the man* 
ganesc is replaced by vanadium is said to be largely in 


SPECIAL BRONZES AND BRASSES. 


217 



Oast. 

Cold Drawn. 

g-iu(*.li tod, 

fl-inch wire. 

Ultimato toiiBilo Hfcroiigth 
Mlafltio limit . 

Elongation on 2 ins. 
Baduotion of araa . 

31*7 tons 

12*1 „ 

32 put* cont. 
a7‘8 „ 

41*1 ton. 

35*7 „ 

11 * 6 1101 ' (Hint, 
29*8 „ 

46^0 tons 

36-4 „ 

12*0 pot cont, 
33*6 „ 


Exporionoo in tliiH oonntry ib inHiillhuout to onablo any dofinito 
oouoluHion tio bo arriv(«l at with rogard to thu niorit of vanadium 
m flompartsd with othor nHstalB oominonly UHod as additions to 
cuppor alloys. 
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CHAPTER X. 

GIRMAH SILVER, AND MISOELLANIOHS COPPER 
ALLOYS. 

(Ibuman silver probably exists tinder s Kruater amnber of namea 
than any other alloy. Ntekel eilvur, arKm'tan, imckfouK, wliite 
copper, ailveroid, ailverite, Ni-vuda silver, PotoHi eilver, Virginia 
ailver, and eleotrum are aomn of the namoH whioh have been used 
to describe it in this count ry ; wiiilu on the Continent it is known 
ns mi(ill8ehort (after Maillct, wlto inlwdncid it into Prance in 
1719), ayfniiie anjiroiiln, ««« and jrt iw The alloy 

uonHista of cupper, nickel, and sino, but the iiuantitioe vary 
uoneidorably in dillerent Buiuplea, llefors dealing with the 
ternary alloy it may bo well to In'iitlly coiiHider the binary alloys 
of ooppor and tiiokel, aa they have (to a limited oxtotit) tlieir own 
industrial applicatiune. Unfortunately, very littlo work uppciim 
to have been done in cunnootion with either series of alloya, and 
the information otmeurning them is incoinplete and unsatisfactory. 

Prom the freezing point curve of the eepiior nickel series, ns 
determined by (Inutier, it would seem that a antnjmund ourre- 
spending to the formula OuNi is formed, which is soluble in 
ooppw and niokel. The micro struotura of the alloys eonlirins 
the view that they are solid solutums, hut dues not inditiato the 
SXlitsoee of a compound. The eltetrioal oondnetivity of the 
snies, however, shows a minimum in tho alloy muttainiug 40 per 
cent, of nickel, which is not far retnoveil from the composition of 
the supposed compound j but, on the other band, the measure- 
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is uBcd in tho manufaotnro o! (tox'tnan Bilvoi*, tho alloyn gomu’ally 
xiaed contain (piantitit^H of nic-kol nut oxooediug 25 per cunt. 
Those alluyn, wlnui cast, uxhibib the ohamoteriatio structure of 
quiolcly-cuoled wdid Hohititnm, but, oxi atmoaliug, the oryktallites 
undoi’go gradtial absorption and lu'u replaced by the regular 
crystalline Htru<‘,ture of Htinph^ metals and homogeneous solid 
solutiotm. This changt^ of stna^tin'o with anui^iling has been 
oousiilored in some detail iti the easo of the c(»pper-yiinc alloys 
containing ih) per cent, of Kim?. 

An alloy eonlaiuing 25 per (?nnt. of nickel has been largely 
used as a t?oinage alloy, but at the prcHont time there appears 
to bo a t(?n(h?nt5y to Hul)si,itut(? nujkel coins for those of tlxe alloy, 
A 25 per <5(jnt. alloy has also been itsod for locomotivo firebox 
plaitm with sabisfaiitury roHiilts ; while an alloy c<mtahung only 
5 per <u?nt* of niekel luis been adopted by the British Government 
for the driving bandH of pr(»ji‘ctileH. (k»]>per emitaining 8 per 
cent, of nh?kel lias aim? been fotuid t-o give (excellent results for 
locomotive boiler tubers, In tluH 4sonmu?tion an instrnotivo 
experiment was made by Mr Wi?bb of tho Ijonrlou and -North* 
Wostern Railway Works at Crowe. A four whoels couplod 
passenger engine was fitted with 19B tubtis by ton different 
makers and a rot?ord kepi, of tho tubes requiring ronewal. The 
first tube failetl afite* tin? engine had run 34,057 miles, and the 
second tube (of the same make) after 40,612 miles* The first 
and only failure of tho mako whioh stood best did not occur until 
the engine had run 128,896 miles. The failure of the tubes, 
which was dtie to wear from the inside by the corrosion of 
furnace gases and almision of oinders, invariably occurred at 
a poitxt within fi ins. of the firebox and at the bottom of 
the tube. AnalyHOH i>f all the tubes showed that those giving 
tho bust service oontahunl about 3 per cent, of nickel, and 
excellent results were obtained from those oontriining not loss 
than 0‘6 per cent, of arsenio. The use of allt>ys containing 
about 2 per ount. of nickel for firebox stays has alrcmly beeti 
mentioned. 

An alloy cKmtaiuing 60 per oent, of oopper and 40 per oent^ of 
nickel is known under the name of oons^tim, and is used id 
the form of wire for eleotrio resistwaoes, and also to eoiajunetloii 
with a eopper wire m a thermoeleotrio junction suitable for the 
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moaHuromont of tornp('rat.uroH wliinh aro not auffioiently high to 
neooHHitato tho nm of a platinmu oouplu. 

During tho laat fow yttarn an alloy of niolcol and ooppor to 
which tho namo Moind uujtal han boon given ban been very 
largely in Ainnrii'a. It. m imxhnujd by tho tlireot roduotion 
of tho nioked oopjior matte obtained by nmelting the mixed 
Bulphido orcH of thoHo, niotaln m th^y uiuuir in OnUmo. Naturally 
tho oompoHition varios within otatain and a<lditiona may 

also be made in orilm* to alliO’ the muohanit^al properties to suit 
requiromontiM. The uo»u|»OHitiou of tho natural alloy is approxb. 
inatoly 0*7 per Ciuit. nitdud* 2H piU' et‘nU tsoppnr, 2 to (i pur cent, 
iron, togothor with Hinall t|uantitiea of nilicon, juanganose, eto* 
A mirnplo of rolled motid of this (toiupf^Hition gave a tonsile 
strength of 47 tonn per Hip in., willi an olastiu limit of 34 tons, 
and 20 per cent* elongation on 2 inn. 

Tho alloy oasts well if a HuUnhle deoxitliMiir Huch as aluminium 
or magnesium is usckI, and it is rapaiilo of lining rolhul into rods, 
sheets, etc., without diliimdty* It roHista uorroHion remarkably 
well, and is being used in Ain«nb;a for tins innnnfutftttre of pro- 
polltuu The U.14. (lovcrnnimt Hpenirmation hir the (Hunposition 
of the alloy for Ihm piirp«me i«;- - 


Nifkid 

Clipper 

Iron . 
Ahuniniinn , 
bfind « 


finr 

use 

8’S 

n 

nil 


This gives a toimile Htmtgih of 3? ioim, wiih an fdastie limit of 
17 tons, and an olongatiou of M per unnt. on t he <«j,Ht alloy, and 
39 tons teoHilo, 20 tons fdastio limiti and 40 per cent, elongation 
on the mlled motal. Other phynioal pniportios given for this 
alloy aa oast are, spooilla gravity H*H7, iiud ting point J 3110*, harilnuss 
(solerosoope) 23, eleotrioal oonduetivity 4 (taking inip|mr as 100), 
liiSjd shrinkage | in. per foot. Moiud metal is said Ui have been 
used in Germany for firebox plates, but infornmlion on this point 
is lacking* 

Owing to tho mmarkable resistance to aorrmion shown by the 
niokebcoppor alloys ooutfuning high percontagos of iiioktd, attempts 
have naturally been made to «dapt these ailoys to various engineer* 
lag purposes* If, for example, part of the niokel in an alloy similar 
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to Monol motal is roplacod by tin, tho duotility of the alloy is 
loworod, but it poHMiiHSos groat resistance to corrosion, a low 
coefficient of friction, and is unaffected by moderately high 
tomperaturos. It is therefore a valuable alloy for tho con- 
struction of such parts as tho seats and discs of high-pressure 
steam valves. An alloy for this purpose containing approximately 
64 per cent, of nickel, .IS per cent, of copper, and 13 per cent, 
of tin, known as Platnaiu metal, is diio to th<> ontorpriso of Messrs 
J. Hopkinson <k Company, who wore the first to realise the 
importfuico of those alloys. 

Tho addition of sine to the ooppor-niokel alloys Is nob attended 
with tho formation of eompounils, and tho resulting alloys (the 
Gorman silvers) consist of a single hornogoneons solid solution. 
Photograph 34 shows tho strueturo of a rolled Gorman silver. 
They may bo regarded either as brasses containing nickel in 
solution, or ns copper nickel alloys c(ml.iuning eino in solution. 
They are very dimtilo, and can ho ndled, hammered, stamped, 
and drawn. At the same tinio they are hard, tough, not easily 
corroded, and, above all, posscHs the valiiablo propenty of being 
white. As in tho cose of most solid solutions, the alloys are 
softened by annealing. 

Tho following table gives tho rcsnlts of a number of analyses 
of Gorman silvers (oolleuted by lliorus) with the names of the 
authorities i-— 
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0 
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87*0 
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17*4 


1 














222 


ALLOYS, 


AKAtiVHRH OR Grumaw S1I4VRR — 


Authority. 


U, IVArewt 
16. HioriiK 

16. Bniith 

17. Krujip 

18. lliiirutt 


It 

ai. Lonyot 
aa. Kriipp 
28 , Hiorua 
S4. „ 

25. Bittner 

26. Hiorni 

27. Lonyet 
as. lioohat 
20. Hlarnu 
80. Krupp 


UomjHMiltion per oent. 


Copper, Nickel, Cobalt Zina. Iron, Lead. 


187 ... 81*2 

5B»0 IH'6 28*5 ... 

OO'O 18*8 8*4 17‘8 ... 

58*8 10*4 ... 19*4 ... 2*0 

58*1 18*2 ... HOC 0*67 

5.vti 167 ... 287 ... 

n«*8 16*8 ... 27*2 0*8 

02*4 IfrO 22*1 

67‘8 14*8 87*1 ... 0*8 

6H7 18*8 26*4 10 ... 

67*0 18*4 ... 27*6 2*0 ... 

67*4 IS’O ... 86*6 8*0 

65*4 n*« ... ai'4 1*6 ... 

626 t0‘« 86*6 

69*1 97 81*8 

66*0 H**i ... 26*8 0*6 

68*0 6*0 ... 31*0 


The flame authority givefl the oom{«mition of the various 
qualitiofl of Gorman silver made by the boKt makers in Birmingham, 
togothor with the trade names luitlor whioh they are known 
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18 

66i 

n 

66 
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67 
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88 

81 

89 

88 

87 

24 

S8 

881 

86 
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The beat of theso alloys are somewhat oostly ; ami for moat 
mrposefl the quantity of nlokel tkm not esowl 20 \mv oent. 

Am the result of a number of ox|Mirimentit on the relative 
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composition of Gorauin silver, Hioi^ns concludes that, for alloys 
containixig Ighh than 16 per cent, of nickel the quantity of iiino 
should be 30 per cent, in order to give the best results ; while 
with alloys containing more tlian 16 per cent of nickel the 
quantity of zinc should be loss than 30 per cent 

As regards the impurities found in Gorman silver, those most 
often mot with are iron, lead, and tin. Iron forms a solid solution 
with the alloy, with the result that it incrcuisos the strength, 
hardness, and elasticity of the alloy, and at the same time makes 
it slightly whiter. It follows that for some piirposos the addition 
of 1 or 2 per cent, of iron may be an advantage. Tin, on the 
other hand, does not enter into solid solution in the alloy, but 
forms a eutectic which renders the metal brittle and unfit for 
rolling. It also makes tho alloy decidedly yellow in colour when 
present even in small (pmniities. For ornameiAtal castings, how- 
over, an alloy containing 1 or 2 per cent, of tin is frequently 
used. Lead does not alloy with (lornuin silver, but sepurfitcB out 
as metallic letid, in tluj same way as already <hise.ribe<I in the case 
of brass. This rnoial is therefore purposely added to the extent 
of 2 or 3 per tumt. when the metal is to be cast and subse- 
quently worked, btii is not permissible in metal that is intended 
for rolling. The remarks which have been made with regard 
to lead in brass apply etpially to the case of German silver. 
Cobalt is occHHionally found in small quantities, owing to its 
presence in the nickel, and has sometimes been purposely added ; 
but it is an expensive metal, and does not appear to confer any 
properties upon the alloy to justify its presexme» 

German silver is made by melting the metals in the usual way 
in graphite orticitilos. I'he separate metals, however, are not 
melted together ; but are tmed in the form of alloys of copper and 
nickel and copper and zint?. This method answers the double 
purpose of more rciulily producing a hmnogeneous alloy and 
leBseaing the oxidation of the zinc. Hht»rtly ber<»ro pouring the 
metal a further small quantity of zinc may he added, to com- 
pensate for volatilisation and ensure thorough deoxidation of the 
alloy. 

The metal is cast in iron moulds similar to those used in )mm 
casting, but of different sises. For ingots which are intended to 
be rolled into sheets the moulds are from 16 to 13 ins. in length, 



224 


ALLOVa 


1 to IJ ins. thick, and from 4 t<t ft iiw, ; wliilo for ingots for 
wiif) drawing tiio siwsH arc from to ft ft, long, ins. thick, 
and 3i ins. wido. The nifUioii of oaHting m «»xaotly the same as 
in the oaHO of brasH j but the moiling-pt»int of {Joinnan silver being 
liiglior than that of brass, tho oasl ing has to ho piTformod rapidly, 
or the onioiblo has to ho nitiirnoil Ui tho ftiruaoo to ho reheated. 

From time to tiuui varimw molals liavo hoou a<lilod to (Jarman 
silver for spiuiial purptwos, au»i a groat uiitiihor of oouiplox alloys 
have boon patented ; hub very few of tiiom appear to have met 
with any buooohs. 'J’hnro arc», howovor, a fow oxooptions which 
may be montionod. 

JHatimid is a (lorman silvt'r wintiuning tungslon. It oonsists 
of 60 por cent, copper, 11 per cent, niokni, 24 per eout. Kino, and 
1 to 2 per coub. tmigsion. Titis alh)y poMHOMses a low oleotriool 
oondnobivity, and Itas therefore boojj largely used in the manu- 
faotura of eleotrioal ruxintauees. It Mhmild lie pointed out, how- 
ever, that many samples of platinoid fait to show even traoos of 
tungsten on analysis. 

German silvers oonlatniiig silver were intfmloeed long ago by 
Ruola, and wore uswi for ntiihing jewellery, 'rhe eoinposition of 
tlio alloys varied, Imt they oontaiued from 2(1 to ,10 per otmt. of 
silver, 2B to 10 por cent, of itiekel, and Ifi tu ftO per oont. of 
copper. .Similar alloyN, but oontainiitg less silver, have bean used 
for tho subsidiary eoinago of J4witKorlan»i. Tho {atritenfage com- 
position of these alloys was lui follows ; 
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. Savwal (}«*man (divers oontaining altimituuin have boon 
the aluminiutn aotiog m a denxidiiuir. An alloy of this 
desoription oontaiaing 67 per oent oopper, 20 por oont, nfokel, 
' 20 per oent. sine, and 8 per oent. aluniiniuio, is largely used for 
typewriter parts, Magnesium ie sometinHia uaed for tho same 
purpose, and an alloy oontaining 76 to 90 por cent of copper, Ifl 
to 26 per oent. of nickel, and I to 3 per oent. of magnesium, is said 
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to be largely used in Germany, The high coat of these alloys, 
however, is a serious drawback. 

Gorman silver can bo readily soldered, the alloy used for this 
purpose being made more fusible than the German silver by 
having a larger projmrtion of Kino. The usual oomposition of 
Gorman silver solder is ! Copper 47 per cent., nickel 11 per cent., 
and zinc 42 per cent. 

fhosphor-copper. 

Copper and phosphorus combine very readily with the formation 
of a definite ohomioal compound oorresponding to the formula 
CugP. It has a bluish-groy metallic 
lustre, is very hard, and brittle enough 
to be easily reduced to powder. It 
forms with copper a simple sorios of 
alloys with a eutectic containing 8'2 
per oout. of copper and molting at 
704* C. Oomineroial phosphor-ooppor 
occurs in two variotias — one ooniainitig 
16 per cent, of phosphorus, which is 
practically the compound CugP; and 
the other containing 10 per cent, of 
phosphorus, consisting mainly of the 
eutectic. Both these {fiiosphor-ooppers 
are exceedingly brittle ; this is a great 
advantage, as thoir chief use is that of a 
deoxidizer to be added to copper and copper alloys. A brittle sub- 
stance which can be broken into small lumps or powdered, possesses 
obvious advantages when exact quantities have to be weighed out. 

Phosphor-copper is made either by passing the vapour of 
phoBifiioruH into molten copper, or over hoatod copper, or, more 
readily, by adding phosplumu to tnoltcn copper. An ingenious 
device for effooting the oojubiuation is dosoribed by lliorus and 
illustrated in fig. 64, Phosphorus is placed in the lower vossol A, 
and the molten copper is poured in through the upper vessel B. 
Any phosphorus vapour which escapes combination in tibe 
vessel is caught as it passes through the m<fiten n«*al in the 
upper vessel. 

The UBUsl method of preparing pbosphorKwppor is by lulding 
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phosphorus to molton ooppor, TIio cakes of yellow phosphorus 
are immersed in a solution of copper Hiilphato until completely 
coated with ooppor. They are then dried csarofnlly in sawdust, 
and plunged bolow the surface of the metal in the oruoible by 
means of a pair of tongs. 

Oitpro-sillcon. 

The alloys of copper and siliumi, like tlioso of copper and 
jihoHjihoruH, are uwwl maijdy as deoxidistu-H in tins nuumfaoture of 
copper alloys, noinmcruial cupro silicon is made in tUo olootric 
fnrnnoo, and contains as much as Bl) por cent, of silicon j but the 
alloys most gonerally usoil do not contain more tlian .'15 per cent. 
Those alloys arc oxtrtmu'ly brittle. 

According to (luillot the alloys containing less tlmn 7 per cent, 
of silicon consist of solid solutions ; but boyoiul this pohit there is 
a euteotio whioh molts at about KOO*. 

Copper containing a small tpiantHy of silicon, not exceeding 
O'l per cent,, is much strettigor than pure <jopper, autl has been 
largely used for tho manufacture of telegraph and telephone 
wires. For this purpose silicon is much better than phosphorus as 
a hardening agent for ooppor, tho oonduotivity of tho wire being 
omisidorahly higher. Tho sdditiou of phosphorus to copper is 
accompanied by a very marked iuorooso in its oloctrical rosistanoo. 

Ooppor containing a small poroenlago of siUotui has also boon 
sueoessfully usetl as a maturial fur (irolsix plata. 

Oupromanp,neid. 

Roferenoe has already boon niado to the alloys of ooppor and 
manganese in oonnooliou with the manufacture of inangaiieso- 
bronses and brasses. Tho oommoroial alh)ys jmntain about 30 per 
oent. of manganese and somotimea from 2 to 4 per oout. of iron, 
and they appear to be hotnogoueous solid suliitions of manganese 
in oc^par. Thay are prlaoipally ustal in tbo inanufaoturn of tho 
l|*oall»d mangaoMM-brontM, In which tho manganeso acts portly 
as a deoxldiser, while any axeesa of the tnolal is soluble in the 
hronse and imparts itmngth and hardness to it. 
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Oopper-magnesiuxn. 

Of laic years the alloys of copper and magnesium have heou 
extensively used as dooxidisors in the melting of copper alloys, 
and more particsularly German silver. Magnositxm unites with 
oxygon with oven greater avidity tlwui aluminium, and any excess 
of tlio metal above tluit required to reduce the oxides in the alloy 
appears to form a solid solution with the alloy, without injuring 
or materially allooting its properties. 

The fnu'ziug-point <mrve of tho series, wliich has boon doter- 
minecl by M. Houdouard, is sonumhat complex, and indicates tho 
oxistonoe of throe dolinito compounds, corrospoudiiig to the 
formuhe OujjMg, (iuMg, and OuMg^, The curve, then, can ho 
regarded as four ourves reproHcntiug respectively — 

1. Tho alloys formed hotween copper and tho compound OujjMg. 

% 1?ho alloys formed hetwoou tho two compounds (Ju^Mg and 
On Mg. 

3, Tho alloys formed botweeu the two compounds (JuMg and 
OuMgy. 

4. Tim alh^ys formed botwomx tho compound UuJVlgjj and 
magnesium. 

The mieimuipicml exauauation of Urn alloys confirms the 
existence of the three oompoundH. As might be expected, aJmost 
the entire series of alloys are oxtvemuly brittle. 

Oopper-oxygen. 

Copper pf)HSCHS 0 H the somewhat unique property of forming a 
welklcfined series of alloys with its own oxide. Tho alloys are a 
simple HoricH, the eutectic, which is shown in pliotograplt 50, con- 
taining 3‘45 per cent, of cuprous oxide (OugO), equivalent to 
0»39 per cent, of oxygen. This behaviour of copper towards its 
oxide is of coimidomblc importauco, and must be taken into account 
when considering the properties of tho copper alloys, Owing to 
the fact that the oxide separates in the spherical and not in the 
laminated form its infltiencc on the mechanical properties of the 
metal is relatively small. Thus llampc Hiates that 0*45 per cent, 
of copper oxide (cquivalont to 13 per oonfc. of eutectic) in pure 
copper does not afloat its ductility, and only when S*25 per cent, 
of oxide, or 66 per cent, of eutectic is exceeded, does the metal 
become short. 
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The influence of impurities on the condition in which oxide 
• exists in copper is. of considerable iiitei^est. Thus arsenic, which 
is present in nearly all commercial coppers and which forms a 
solid solution with copper, causes the copper oxide particles to 
aggregate or “ball up” until the eutectic structure disappears. 
This accounts for the fact that the eutectic structure is never 
detected in commercial coppers, even though they contain con- 
siderable quantities of oxygen. Photograph 68, for example, 
shows the oxide in a firebox copper containing no less than 1 per 
cent, of oxide or the equivalent of 29 per cent, of eutectic. It 
contains, however, 04 per cent, of arsenic, and this is quite 
suflioient to completely destroy the oharactoristio eutectic struoturo 
and cause the oxide to separate in massive form. The way in 
which the oxide particles of the eutectic coalesce is shown in 
photographs 51 and 52, which represent the outeotic mixture to 
which 0*08 per cent: of arsenic has been added. 

Oopper-arsenic. 

The alloys of copper and arsenic are. of some importance on 
account of the fact that in this country firobox plates and stays 
are made almost exclusively of copper containing arsenic. The 
complete series of alloys have been investigated by Bongough apd 
Hill, who have shown that under normal conditions of oooHng 
copper forms a solid solution with arsenic up to about 3 per cent., 
while in the case of slow cooling or annealing the solubility is 
considerably less. It is evident, therefore, that only those alloys 
containing very small percentages of arsenic are of any practical 
value, and as a matter of fact the actual percentage in practice 
rarely exceeds 0*5 per cent. It must be remomborod, however, 
that the arsenic enters into solution not as metallic arsenic but as 
arsei^e of copper (Ou^As), and 1*8 per cent, of arsenide (oorre- 
^ ai^senio) has an appreciable effect in 

strengthening and stiffening the copper. 



Typical Copfkb Allots. 






230 


AI.LOYS, 



Typical Specifications. 


GERMAN SILVER, COPPER ALLOYS. 


231 




tmAvrm xi 

WHia?E METAIi ALLOYS LEAD, TIN, AND ANTIMONY. 

Tm alloyn of tlioMO inotalH uro vory omploytul in tho 

iiubiHtriai world, luul aro uMually i«ut witij luult^r tho name of 
** wliito-mafcal” Tha tonn in ujijiUcnl imliHrriuuuatoly t<» any of 
th© alloys, wlnathor ooinjuiHtHl of uoly t\v<j of tli© motulM or all 
three together ; Uut, aw oaoh eoriuH af alloya haw ita diatinct uses, 
it will simplify wiatfcora to dtm! firat with tho thro© poawihlc soritm 
of binary alloys — vis, loadHin, load auliumuy, atal tin antimony 
—and then with tha triple alloyM. 

Alloys of Load and Till. » -ThoHo m^taln do not form compoundH 
or Holid Holutionn, hut miK in all pruportiouH, thuH forming tho 
Himplawt Horit^H of binary alloys* 'rho frtu*sing |n»iut onrvo of the 
series has already been rob»rrod to, and it is only nroossjiry to 
repeat that tho 1 ‘ub‘t^tio ountairiH .17 por oi*nt. uf loiul, and molts 
at 182‘D*. On oithor sitlo of this point tho alloys ©oimist of one or 
other of the metals surrounded by tlui euteotio, Urn porceutugo 
of tin in the east alloys ©an be mughly eHtimated by the apjmar- 
anoe of the eurfaoe. I'hoso rioh in lead jsmsesa the dull bluish 
eolour oharaotermtio of that metal \ while the alloys ritdi in tin 
have a white surfaoe, witioh has a slight yellow supertleial deposit 
of oxide of tin. The a\loys ooutaiuiug more tlnui 25 \m ©ent. of 
lead will leave a mark when drawn %mm paper. 

>The alloys of and tin are used prijHdjiaUy in the inanu- 
fa^re of solders, toys and cheap Jewellery, mid pewtor. 

Solders are very variable in coniijasition aeeording to the quality 
of the metal to be soldered. Those rich iu tin are, of rourse, the 
most Vfduable, and the alloys are kn<»wn, arcordiiig to the amount 
>(^ Un they toutaln, as “ common,** ** medium,** and ** faoHt*” 

m 
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For soldering tin and alloys rich in tin a solder rich in tin must 
be employed ; while for lead and alloys rich in lead a solder rich 
in lead is used. Probably the alloy most commonly employed is 
that containing 66 per cent, of load and 34 per cent, of tin, or 
two parts lead to one of tin. Eipial parts of lead and tin give 
the alloy known as “ Plumbers’ fcloldor,” whilo 60 per (jont, tin and 
40 per cent, load is kxiown as “ TiiiHiniths* ” or ‘‘Tinmen’s Holder.” 
For electrical work an alloy containing 96 per cent, of tin is 
largely used. 

The best solders should bo made from pure metals and not 
from scrap, as impxirities even in small quantities have a pro- 
nounced inlluouco on the quality ot' the alloys. Both ssino and 
antimony have an ixijurioiis eftect, although the latter is some- 
times added as it improves the surfacu^ appearance of the motal. 
Phosphorus, on the other hand, may bo added in small (piaxititios 
to effect complete deoxidation and render the solder more fluid. 

The suitability of the alloys of load and tin for soldering is 
dependent on the fact that these im^tals do nob form compounds 
or solid solutiouH, and, in c(>nHo(piouc5e, almost the entire series of 
alloys is compoMod of a metal and a tnit(ujti(? mixture ; at tempera- 
tures lying between the melting points of thm& two the alloy is 
only partly solid, or in the pasty condition which enables it to 
be easily applied in soldering. Thus, in tlio ease of the alloy 
referred to above oonttiining 66 per cent, of lead, there is a 
range of temperature of 60* during which the alloy is in a pasty 
condition, ’riie eutectic itself and the alloys in its immediate 
neighbourhood are not suitable for solders; but they solidify 
with an exceedingly bright surface, and have been used for 
making imitfitlou jewels, sometimes known as Fahlum brilliants, 
for stage purpoHcs, The etiUuttio alloy is cast in moulds with 
facets resembling the cutting of diamonds. Alloys rich in lead 
are used for making toys, such as lead soldiers, etc. Those, 
however, contain very little tin seldom moro tlum 4 or 
6 per cent < 

The best known of the lead tin alloys is that commonly known 
as pewter. This alloy is largely usml, and its oomposition varies 
oonsiderably. When intended for the manufacture of drinking- 
vessels it is essential that the alloy should be rich in tin. This is 
evident from the consideration of the constitution of tlu*so alluyM, 
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for tlioso ooataming moro than 37 por cent, of loud (that is to say,! 
more lead than is suffioiont to form t.ho eutcotio of the series) will' 
contain free lead in a form roiwUly oorrodtid and dissolved by acid! 
liquids. In order to avoM risk of load-poisoning, therefore,! 
powtor should oontain at least 63 por oout. of tin, a>»d in France ■ 
tile law prohibits tho nso of puwlov containing more than 18 per i 
(lent, of load for tlriidting-vossols. 

A largo tpiantity of powltu* is usod in tim arts. For this purpose 1 
thoooiupouitiou may boaltorod to suit tlio niiiuivotuoutis of tho work. 
Oopiwr in small quautitios is a fiaspumt constituont of powtor. It 
produces a battler alloy, l)ut, if pnisent in moro than small quan- * 
titius, has ait injurious uiroot upon tint colour of thu powtor. 

Lead and Antimony.- -As in tlm oaso of the load-tin alloys, these 
motals do nut form oompounilH or solid solutions, but produce a 
simple series of alloys with a culcctio ooutainiug 13 per oont. of 
antimony and molting at 245', On one sido of this point the 
aUoys consist of load ambuddod in cutcotic, and, on tho other side, 
antimony embedded in eutootic. Tim UMofid alloys of load and 
antimony are somuwhat limited ; those uousistiug principally of 
lead with small amounts of antimony, introdneod as a hardening 
agent, being tlm moat useful. An alloy, howuvor, ooutainiug 
67 per cent, of loiwl and 33 per (‘out, of antimony is ooimsionally met 
with, and is used in making tha keys of wtsslon wind instruraenta 
Antifriction nmtals consisting of load and antimony aro still some- 
times found, but thoHu have been suporstsitKl by tlm mure etHoient 
toiplo alloys. 

Lead containing antimony up to about 4 por cent, is largely 
used In thu manufacture of ilto framework of aoonnmlator plates, 
as the alley is stronger than (luro lead, loss Ilalde to buckle, and 
clmapor. Antimunial load is also nstsi in thu manufacture of 
shot sad bullets. 
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are not strong enough to stand hard wear. I^^ordnrtc^^ 
the strength of those alloys a certain quantity of tin is added, 
wBftilii.f ai'niii 11 lilll J"uompoun(l corro^ioiKlm g to^ 

eff QOt of oon siderapiy moreasutgthToonrp refi^^ 

ThocSSpSffio!^^ 


oontainiug load 50, tin 25, and antimony 25 is said to give the 
best results for high-olass work ; but the pihjo of suoh an alloy 
is too high on ac(u)unt of the tin it ooritaiim, and a more usual 
ooinpositiou is approximately lead 60, fwitimony 30, and tin 10 
or even loss, l^lates for nniHits engraving of somewhat similar 
couipoHition are used abroad, but in this country the best 
music printing is done on pewter plates. 

Modern printing machines such as the monotype and linotype 
use an even ohoaper alloy, in which the tin is often as low as 3 per 
cent, and the lead as high as 86 per cent. 

Alloys of lead and antimony are fretpieutly used in the oon** 
struebiou of pumps rtMpured for dealing with eorvosive IhpudH, 
and, as it is importiwit to know the strength of theso alloys, 
Prof, (loodman has made a nutnbtir of very complete deUtriuina' 
bions. The alloys solootod had tht^ following compoaitions 
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and the teats wtn’ti carried out with the object of determining— 

(1) llie Umsile strength ami elasticity. 

(2) The eomprcHsivii strength and tilastieity. 

(3) Tim crushing strength. 

(4) The bending strength. 

(5) The shearing strength. 

The results of thost* tests are given in the tables on p, 288. 

Tin and Antimony.- -These metals give rise to an i»xtrcm<dy 
interesting but considerably more complex series of alh^ys than 
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tlioso juHt coiittidorod. Tlio froozing-point curve, as determined 
by lleiiidors, indicates that the alloys containing antimony 
up to 10 per cent, consist of tin and a outeotic j but beyond 
10 per cent, tho chanictoristio cubical crystals of the compound 
SnSb make thoir appearance, and when 60 per cent, is reached 
tho alloy becomes homogeneous and consists entirely of this 
compound, With more than 50 per cent, of antimony neither a 
Gutoctio nor a now constituent makes its appearance j but the 
crystals gradually oluingo thoir form and become more and more 
like those of antimony. Evidently, thou, this is a case of a 
compound being isomorphous with a pure metal ; and this fact 
accounts for the abnormal freos!iug-point curve, which apparently 
Tails to indicate the cxistonoo of a compound, Tho conductivity 
of the alloys (as de(j(U’niined by Matthiessoa) and tho electromotive 
force of solution (as <]oteruunGd by baurio) also fail to indicate 
tho oxistonoe of a compound for the same reason. 

The alloys of tin and antimony together with small rpiautitics 
of other metals constitute the clasH of alloys known under tho 
name of Britannia metal The following table shows the 


oomponition of a number of theHo alluyH : — 

Alley. 
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Ceppitr. 
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The prosonoe of copper in Britannia metal produces a harder 
and less ductile alloy, and has an injurious efFeot upon the cobun 
if present in more than small quantities, Zinc and irtm .-dso 



CHAPTER XIL 
ANTIPRIOTIOIT ALIiOTS. 


In a porJbolily mljiiHltul and Inbrioatod beiiriuju: thoro w a thin 
layer of oil lailwoon the journal and the hoariii||(, ho that the 
metals uovor oimo in ooutaet, and the friction, as has boon shown 
by Osbonio Re^ynolds, and otberH, is nioroly that between a 
solid and a liquid, and di'pendH solely upon the nature of the 
hibrioaut. It follows that the nature of the metal (d whioh the 
bearing is composed is innnattu'iul ; but such porftJiit adjustment 
is not attained in actual practice, and the problem prusontK 
itself of finding a nmtal or alloy snilaoioutly plastic to mould 
itself to the shape of the sliaft, thus automatically rectifying 
iinpurfeutions of adjustuionti and at the siimo time offering a 
minimum of friction. The use of lead was first suggested, 
according to Thurston, by Hopkins; but this metal is too soft 
and easily deformed, ami soon gave place to white^metal alloys. 
Apparently the tnanufacture of these alloys was not ontifoly 
satisfactory, for in 185S Mr Ntw of the Compagnie des Chenuns 
de for du Nord stated that they could be used advantageously 
with small load ami nioditun Hpoed Imt that for railroad vehicles 
they were not satinfac'lory. Hince the publication of this state- 
ment antifriction inutals have Imcn greatly improved, and they 
are now very largely u«mh Mr Sahimiin, the e.hicf engineer of 
the Chemins de fer de TEnt, has Htatml that the statinthm on 
that railway have shown a decid<id advantage in favotir of white 
metal over brons^o ; attd Mr (^hahal, the nsstMtaut engineer of the 
Paris, Lyon, Mmlit arrange Railway records that wMtMmsial 
bearings become heat ed much less often than brense, tha wwr 
also being loss. » 

m 16 
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Siuoo the introduction of white«iiintitl hisnrinjdM an imnieuns 
nutuber of BO'Oallud antifriction nictalH imvo t«'en jilacml npou the 
market (aomo of wliich aro ^ivcn in tlm tablna on pp, 2f)'i-26e), 
and it bauomoa a ninttor of iinj«»rtj«»oo to liotormino wlmt are the 
osaontial ohiimoU-riHtieB of a goal limring metal and to what 
extent thaao antifriction nieUila {xtwtoia tlKsw obarnctcriatioB, 

In 1820 Ucnnio allowed that thci friction Ixttwcon two biidioe 
under proiwura inoreaeca prujairtinimtcly to tho prcaanro until a 
oortain point ia roachod, when tho lw»» aurfncca licgin to rub 
againat one anotlior, oanaing a amldcn incrciwo in tho oocfHoiont 
of friction and m«i*iK}«oul heating of tlio balio*. Tlic presHuro 
required to pnaiuco thia anddon locrouaB In tlio friction i« greater 
with hajrd nintala than with aoft, and, at the annie time, the oo- 
efhoient of friction ta anmllcr with hant inoUdH than with aoft onea. 

Tlio firat oonohmiott w« arrive at, tlioii, ia that .1 baariiig metal 
ahould be al bard a« poiwihte. ihit thia oouclnaiun awumea a . 
perfeotly adjuilod bearing in wliii'h coniaci Iwtwoen the ahaft 
ami the hearing ia perfectly uniform a coiiiiitnm whioh ii rarely 
met with, eapeciaily in tho cam of a aliafl »ttp[M>rtiKi by a number 
of bearing!. If amtaot only takea ptaco at a few poiiiu, the 
reault viU be Uvating and cutting. The aecund requirement of 
a good beitring tuotai, tberofure, ia that it muat lie authoientiy 
pluHtio to adupt itaclf to any ini]airfocti»tia of ailjuatmunt. A 
uombination of thcrni two ro>|uirein«nta, itaniniwa and plaetioity, 
oan only lie olitainai by having a laxly conaiKting of amaii, hard 
particicB embedded in a plaatio matrix ; ami thia reault ia moat 
Mudly produced by aiioyitig a aoft iiietai, aticii aa iwd or tin, 
mte or more metala which form definite citnipotutda capable 
of oryataliiaing out in the oooiing mmn. Thia, in fact, ia tho 
Btruoture of antifriction alloya ; Icit mneh tji>{M n*ii«. aa will lie aeon 
preaeutiy, on the aiao and number of tho hard cryniaia 
Tor t^eakeof oonvenionou, the hearing ninbila iiiny be divided 
hato iT« gvoufs t>~ 

eotudeting eieen^Uy of tin, eontaimiig ciunpuunda of 
tin and anidmtmy, and tin and oop{>er. Theae ftirm a vety large 
(daea. 
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in. Alloys oonsisfeing oesoutially of a solid solubioii of copper 
and tin (or copper and zinc), aud containing compounds of copper 
and tin, copper and phosphorus, etc. 

IV. Alloys consisting essentially of a solid solution of copper 
and tin (aomotimes containing zinc, nickel, etc.), and ootitaiiiing 
free load. These constitute an imp{)rtant class of bearing metals. 
V Alloys other than those tloscrihed above. 

Alloys of Group I. — In all the alloys of tin, copper, anti anti- 



Fic. 65.— ‘Oomprewmive i* of the Alloy* of Tin, tjopjHjr, and Antimony. 


mony in which the poroeuUgc of thi pri*|«infh'rHio«, mily two 
doftnite onmpoumiii are format!, viz, a ft>mpi«nnl of fin and 
antimony, which oryeUlheuH in woll iJeliuetl oul«*« anti wlii*'h in 
the same compound as that ftumd in the binary alliiya of tin and 
antimony. Its oompt^ition m»rrv»{H*ml« to the foriimla HuHli, and, 
according to Charpy, it is \m$ hard and less brittlo thm iprf 
antimony. The other compound it Uuat found fu filNl Mmrjr 
alloys of copper and tin, crystaliising in bard noedtcsi often forming 
stars, aud having a compuidtion ocireepondiug to the formula 


244 


ALI.OYa 


SnOii„. Both tlu'HO uouiikiuhcIm oan Im aiu'ii on a poliahed Hurfuoe 
of tho alloy, but otohiiiR with hydroohlorio aoid rtoab'ra theti\ 
more iipparoiit. Photograph lift illuMtratoa tho atruuturu of a 
typical buaring int'fcul nl thia typo. 

Charpy ImHuxaniitmd twenty alli»yB of ooppt'r, tin, and antimony, 
and hjH romilta on the oompro-Hivo atrongth of tlnwi alloya, which 
were carib'd ont on tiwl pitroH 1ft niin. itt Intij-hl and 10 at], mm. 
suotional area, art* given in tho following lahlo, ami are Rls<t plotted 
in tho form of a triangular diagrtun (fig. lift). 'Pho curved linea 
ropvoaent the loada pniilocing a otiiitprt aHion of 0'2 nhllimotre, 
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H.llO 

Broke. 


08 

17 

17 

afsn „ 

H 


76 

12*5 : 

i 12*5 

1780 „ 

2560 

n 

83 

B‘6 

3 6 

luoo „ 

Vi 

SH 

3 

0 

I'KO 

2560 

n 

76 

17 

a 

1780 „ 

2560 

u 

U 

11-6 

6 5 

l.tSO 

2760 

18 

aa 

a 

4 

lotio „ 

2476 

u 

60 

< V « 

m 

'.laaO ., 

Brukt, 

17 

00 


H 
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AUoyi 1, S, 8, 6, 8, 8, and 16 hrokn at the Irnginnlng of the 
(Wmpsfflieion, and Noe. 4, 10, 13, and 18 dovelojwl internal craokH 
ittok ft oofflprenlon of 7<6 mm. wne mohod. It fuUuwe that all 
those ftlloys are too hard, so that tho lino MN may bo rogurded 
as the limit of the iwcfiil alloys, and within this limit tho alloy 
•“presented by No. 14 of the iierioa has the grsatost oompressive 
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the best alloys of this group should probably not differ from this 
composition by more than 3 or 4 per cent. 

The method of casting and the rate of cooling of these alloys 
are of the utmost importance, and this subject has been carefully 
studied by Behrens and Bauoke. They have shown that the 
hardness of the matrix of the alloy varies with the rate of cooling. 
In a rapidly cooled bearing this portion of the alloy solidifies with 
a greater percentage of copper and antimony, and its hardness 
may reach 2, tin being 1*7 ; whUe in a slowly cooled sample it 
may be as low as 1’6. 

The size and number of the tin-antimi,uy crystals also depends 
on the rate of cooling of the mass. In slowly cooled samples the 
crystals measure as much as 0-5 mm., while in chilled samples the 
crystals are small and imperfectly formed and can hardly be 
detected. Both these structmes are met with in bearings which 
have become heated in service, whereas the structure of bearings 
which have proved satisfactory in service is intermediate between 
these two, the crystals being well formed and numerous, but not 
exceeding 0*26 mm. 

As regards the proper temperature for casting, Behrens and 
Baucke oast three experimental bearings — one with a red-hot core, 
one with a core cooled by running water, and one with a core at 
100° C. The first of these showed large tin-antimony crystals 
measuring 0 '6 mm., and tin-copper crystals measuring 0‘2 mm.- 
the second showed the confused structure of a ohiUed casting ; and 
the third showed small tin-antimony crystals measuring 0*26 mm. 
The three bearings were then submitted to a practical test in the 
following manner. They were tm-ned so as to fit a polished steel 
mandrel 16 mm. in diameter, which was capable of being rotated 
at a speed of 1600 revolutions per minute. The bearings were 
arranged so that the pressure on the blocks could bo varied, 
and the rise in tempemture was determined by means of thermo- 
meters fitted into holes in the blocks by soft amalgam. The 
iricrease in temperature, after running for one minute with 
pressures up to 3 kilograms per sq. cm., was as follows 

0*8 kg. 0*4 kg. 0*6 kg, 1*2 kg. 

Red-hot core . . 0*66 1*60 1*72 2*62 

Coldoore . . 0*60 0*82 1*12 . 1*60 

Owe at 100“ 0. , 0*64 0*64 0 74 0*76 




4*64 

8*80 

1*64 
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At the end of the exporimont the ohilh’d bcarinjir ehowed irreg- 
ular grooves and sonitcla's, and tho slcmlj? cooled bearing was also 
badly somtcbod and grooved. The bearing oaet at 100" 0. 
showed tho tin-antimony cubes partly rounded and the matrix 
surrounding them worn away, giving the impression that they 
niiglit evoutuidly bo loosoat'd and removed frcnu their places. 
Kvidently this aolually occurs, for liohrous and Hauoko submitted 
the oil from tho licarings to a mioroHcopiojil examination and 
found that it oontniiiod small sphcrioal bodies like email drops 
of moroury, wlusrons tho oil from bearings oooled too slowly or 
too quickly ccmtaiucd miKidar fmgtncnts. As tho rostilt of these 
olworvatioim Bohrons ami Itauoko conclude tliat in a properly oast 
. hearing tho brittle rods of tho tin-ooppor compound are onished, 
and, noting as an aiirasivo, htoson and round tho rectangular tin- 
antimony crystals, tho rosult being that tho lieariiig becomes 
praotically a haU-lieuring, wiih a rolling friction taking the place 
of a sliding friothm. In a baring wiiioh has boon oooled too 
quickly tho absono# of tho rectangular tin-antimony orysttds 
prevents tho formatiou of ttuise sphorioal parttchiu, and In a slowly 
oooled bearing the largo crystals are brukoit instead of being 
rounded. 

A study of tho causes giving rise to heated Iwaringa has shown 
that, in addition to the obvious o.iunu i<f lauk of pru|tor liibrioatioii, 
sxoessive heating is nsualiy caUHod by: (1) dofective orystal- 
lisation, duo to the owdtng taking place oitbor bat quickly or too 
slowly, uattally tho latter ; (2) the prtswnoo of dross or scum In 
dre metal ; and (3) segregatieu of tho niutals, due to improper 
mixing or an attempt to alioy tlte metals in wrong proportions. 

AUoya of Group U.-~-|}«rore dealing with tho triple alloys of 
this group it may be welt to cuusider tltc simple alloys of load and 
aaUmony, as they wen formerly oxteiisively used as antifriodon 
alloys and tiuiir properties lmv« lateii uarut'ully studied by 

'^14^11 be remembered that lead wid anidmony give rise to 
simple alloys without the formation of any ohcmioa! oompoutul. 
The euteotio contains 87 per oent. of lead and 13 per oent, of 
antimony, and on either side of the eutecUo point the alloys oon- 
irist of a single metal, lead in Idie one oase and aittimony in the 
Mher, surrounded by the outeotie. 
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Charpy has determined the oompreasivo strength of those alloys, 
and his dotormiuations of the loads corresponding to a permanent 
set of 0^2 mm. and 7*5 inm. in tho case of pure load, pure 
antimony, and seven alloys containing from 10 to 60 per cent, 
of antimony, aro given in tho following tablo : — 


(lompoHiticm of 
Alloy. 

Ijoad ciirivMpoiid- 

iiii^tfui IVrmiiurnl 
Sot of 0*2 mm. 

Load corroHpond- 
ingtoaPorinammt 
Sot iif7*f» mm. 

ItomurlcH. 

l*ure huul . 

10% iintlniuuy . 
17*0% „ 

ICihigrnmB. 

100 

050 

m 

KiltigramH, 

r»oo 

laoo 

Mr»o 


ao 

i 700 

, , 

broke at 1250 kgs. 

30 

770 


bU)0 „ 

88 

800 

... 

M 1400 „ 

SO 

000 

».< 

M76 „ 

60 

i lUOO 

«*• 

1700 „ 

lU’«>koat MfiOkgH. 
wiUioutanyap* 
prooiahlft ooxu' 
proH»itm. 

Pure (lulimimy . 




It will bo notiood Uiat tho ct»mprt»Hsivo strength inoroase® with 
the inuiHviHO of antimony until tho eutootio is reached* ^ On 
passing this point, Imwovor, there is only a slight increase in the 
(lumproHsivo struiigth, duo, as C’liarpy points out, to the fact that 
tlio antimony grains aro isolntod am! merely transmit the load to 
the eutootio in which they are embedded* Hut when the antimony 
grains boeomo suftlciently nnim*rou8 to come in contact with one 
another they hear a portitm of tho load anti the alloy becomes 
brittle, the hrittltmcss inort asing as tho proportion of the plastic 
eutectic dccrmises. 

In tho alloys composed <»f lead, tin, and antimony the only 
compound formed is that of tin and antimony. 'I'hiH tunupound 
is the same as that which tuunirs in tlu» tin cojipor auiimtmy 
alloys, and it forms solid Holutione with nntimony. 

The results of oompressive testa on ten of tbest alloys art i^wo 
in the following tabic, and iho curves oorrespondli^f to tcali of 
600, 750, 1000, and 1250 kilograms are plotted in the triiltigular 
diagram (hg. 60). Alloys possessing a greater comprassive 
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strength than 1260 kilogmins were hrittl®, and Noh. 7, 8, luid 9 of 
the series testud were badly orackud. 



Antiiimny inoroHSos tii« hnnhnwt of the alloy*, and alumld not 
exooud IH j»or oojjt. it thu nlloyn aro not to !» liriltlo. 
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also increases the compressive strength of the eutectic alloy. For 
these reasons the alloys of lead, tin, and antimony are superior to 
those of lead and antimony alone. The tin must be present to 
the extent of more than 10 per cent., but not necessarily more 
than 20 per cent,, and the antimony may vary between 10 and 18 
per cent. 

The alloys of this group frequently give results equal if not 
superior to those obtained with genuine Babbitt metal, hut 
troubles are occasionally encountered ; and in an interesting paper 
read before the American Society of Testing Materials, Lynch 
gives an account of a valuable research carried out in the worlds 
of the Westinghouse Electric and Manufacturing Company with 
the object of ascertaining the reason of the lack of uniformity in 
results occasionally shown by the lead alloys. 

Mechanical tests, Brinell tests, and a large number of friction 
tests, both in the laboratory and in service, were made without 
throwing any light on the subject. Finally, however, it was 
found that a hammer test gave the most reliable indications of 
the behaviour of the alloys in service, A drop-hammer was 
devised, and the test samples were prepared by casting the metal 
in a mould giving castings 1 J ins, in diameter and in. thick, 
which were then turned to 1 in. in diameter and j in. thick. 
The test sample was subjected to repeated blows under the drop- 
hammer, measurements of the thickness being taken at frequent 
intervals. The results showed that alloys of the same composition 
might prove either hard and brittle, soft and brittle, soft and 
plastic, or hard and tough according to the temperatures to which 
they had been heated and at which they had been poured. 
The conclusion drawn from the results of a large number of tests 
was that the lead alloys were far more susceptible to the influence 
of pouring temperature than the tin alloys, and that the range of 
temperature necessary to give the best results was relatively 
small. For the particular alloy tosfcod a temperature of 460“ to 
470" was found to give the host results. 

Alloys of Group III. — Although those alloys are, strictly speak- 
ing, not antifriction alloys, they are largely used for bearings 
and other parts of machinery subject to frictional wear. < OTiSfe 
constitution has already been considered, and it is only necessary 
to repeat that in the case of the copper-tin alloys containing more 
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than 9 per cent, of tin the hard compound SnOu, separates outj. 
while in tho ease of the alloys ooutaiuinn phosphorus, a hard! 
oompound PCU|, wiparaluH out au<i forms a outeotio with the' 
SnOuj,. It is evident that thoso alloys ptissess muoh the same; 
features as tho other autifrictiou alloys, visi, partielos of a hard 
compound omhcddod iii a softer luatrix. lu tlio «tippor.tm alloys, ! 
however, tlus matrix is a solid solution of tin in ooppor and is 
very muoh lianler than the tin and load alloys, and it hdlows that 
the plastieity of tho mippor alloys is vory hiforior to that of the ' 
true antitriotiou alloys. 

Oharpy gives the ftillowing rosulM of eoinpression tests on some * 
of tho ooppur-tin alloys, togotliar with thoir analyses. A ootn- ' 
proBsion of 7*6 inm., as in tho tests on tho other alloys already , 
q[uotod, was not praetioaltlo on aoetmnt of the Kreutor hardness of ; 
tho alloys ; but eoiuparativn rosulls wofti oblainwl liy uuiasuring 
the oomproBsion produeed hy a l»«ul of fttiftit kilograms, ; 
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Alloys of Group IV, • Alloys of oo|»|«»r and tin aonlaining ; 
relatively largo quatititlea nf load have rei*er»tly lieeii largely i 
used as antifrlotion metals, awl are fiaptentiy kjitmn mptatUe j 
ironu». The lead, which may mmh as munh as ,10 per eent., I 

doe* not aUoy with the oopper, hut se{MimUai out in tho form I 
‘ti ftohulea, which ought, if the alloy is poiperly mixsd and I 
OMt, to ho uniformly distributed throughout the mess of 
the alloy. The ennatitution of these alloys ditTera stimowhat 
♦"om other antifriotiem alloys, for, instead of hard {tarliolos era* 
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plasticity of tho bronze, as is shown by Gharpy’s cotnprossion 
tests given below 




Composition. 
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lu addition to tho ordinary lemd-brnrizoH there aro the bronzes 
containing phosphorus and those containing niokoL Tho addition 
of phosphorus introihuum tho hard oonipound (hi^P, and, althcuigh 
comparative data aro laolung, it Htioins probal»lo that tho prosonco 
of this oonstituont hm an important influonoo on the proportic's of 
the bronze. 

Photograph ID shows a phosphor-bronzo containing loud, 
unetohod. The hard crunpounds SnOuj, and PCuu can bo dis- 
tiiK^tly seen standing in roliof, hut most of the lead has been 
torn out in th(^ process of polishing, leaving pits whioh appear as 
hlaok dots in tho photograph. 

The mldition of a small (ptantlty of nickel is said to enable 
a larger amount of lead to be added to the bronze without 
causing segn^gation. These bronzes are now largely tisod in 
America, and cotitUiin as much a« SO per cent, of lead and 1 ]jer 
cent, of nickel, The part played by the inokel has not been 
fully explained. 

In atldition to the alhiys alrmtiy dealt with, there are certain 
alloys of zinc, tin, and antimony, which arc umul for special 
purposes, and also alloys of huui, copper, and antimony, which 
are occasionally emptoytsl m antifriction metals. The alloys of 
zinc, tin, and autlmany ptmscss a high m>inprcssive strength, as 
shown by Charpy*s ttgurcs given in the table (p. 262), iwid 
employed for bearings of maofdnery, such as 
where strength is of more irnportanoe than perfeot antifriorional 
qualities. 
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Zino and tin do not unito ttt form dofinito <!om{jound8, but 
aiuo and antiuioiiy comltiiio to form a lianl oonijioimd, wliioh 
Oharpy deBoribos a« an aiitimoitido of r-nio. 

Tlio nsotnl alloya aro tliom' rirh in »iuo, in wlurh tins hard 
oompotjnd ia the firat to aolitlify. 

'I'lm alloya of load, flojipi'r, and antimony havo ohamoteriatios 
similar to t, ho otiior mil ifrirlion alloya, Tim ooppor unites with 
tlie antimony to form llm hard violoi. I'oloiin-d mtinpjmnd SbCiig, 
part of wliioh oryatallmna in nwdioa and tin* romaindor enters 
into the ooinposititm of the auloolio. Tho alloys should oontain 
from 16 to 26 per oont. of antimony and not more than 10 per 
oent. of ooi»por. Tho rosidts of some eomprossiva toaU on these 
alloya are given by way of oomparison (p. 26.1). 

Alloya of aluminium have from tim« to Mmo iman aiipgjfeated 
fwf uaa M baarlng metalsi and it is said that tho Northern Hallway 
of Fraooa xum an alloy of 92 per oont. abuninlum and 8 per oent. 
-ne^ar for oarriage and waggon bearings with oxoellent rwiidte. 
Hughes, however, atatM that experiments with this alloy carried 
out on the Lancashire and Yorkshire Hailway have not proved 
satisfactory, the metal proving hard and brittlo, and considerable 
labour being involved In properly bedding the bmringa to the 
joameJa. 
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No. of 


Composition, 

Load corrospond- 

injfj to a Compres- 

sion of 0*2 mm. 

Load oorreapond- 
ing to a Oompres- 
sibu of 7 *6 mm. 

Alloy. 

Load. 

Copper, 

Antimony. 

1 

86*6 


38-4 

Kilograms. 

760 

Kilograms. 

1250 

2 

66 ‘6 

12'9 

ao-6 

1120 

1325 

3 

66-6 

28*2 

10*2 

350 

850 

4 

80 

7*75 

12-26 

780 

1526 

6 

80 

18*9 

6*1 

200 

800 

6 

80 


20 

640 

1400 

7 

90 

3*8 

6-2 

440 

1325 

8 

90 

0*9 

8*1 

190 

800 

9 

90 

•>« 

10 

640 

1400 

10 

100 

... 


80 

660 


Aluminium to the extent of 5 per cent, is sometimes added to 
the zinc alloys and adds oonsidorahly to their hardness. 

As regards the relative merits of white-metal and bronze 
bearings it is frequently stated that white metal is superior, and 
some writers have brought forward experimental evidence to 
prove their statements, 

Oharpy says that bronzes appear to be inferior to white metals 
on account of their lack of plasticity and their tendency to 
cutting ; and in oonnection with railway axle bearings the same 
opinion has been expressed, as already mentioned, by Mr Salomon 
and Mr Ohabal. On the other hand, Mr Olamer states that 
railway engineers only recognise two alloys as standard, viz. 
phosphor-bronze containing lead, and ordinary bronze containing 
lead. General comparisons are always dangerous and frequently 
misleading, and the truth of the matter would seem to be that 
w-hite metals and bronzes each have their particular uses for 
which they are best adapted. In cases where accuracy of 
adjustment is impossible, as in the case of a long shaft requiring 
several bearings, or where variable forces come into play with a 
tendency to irregular wear, as in the case of railway bearings, 
the plasticity of white metal is an invaluable property. On the 
other hand, where accuracy of adjustment is possible 
rotary motion regular, plasticity is of secondary importance, and 
bronzes give results in practice which leave nothing to be desired. 
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AhhoiH OF Tin, OorF»u, ano Antimony. 
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85 

5 

10 

I^rdnbur. Jnooby inotab Admirulty lining 
‘ mrtrtl. 

85 

7*5 

7^6 

Oonimn Navy. 

Hn*83 

5*55 

ii*n 

llnml fop car Wringa on Krnnoh raili-oadB. 

83 

8 

0 

Aihniralty for heavy hmib 

83 

0 

n 

lnulobur. UhihI bv ib*rUn railroink. 

88 

4 

i li 

1 

Motor beiu'lngH, L)im‘ttHhire and Yoikslurn 
lUilway nleotrioal rolling «tork. 

m 

0 

li) 

Ledohnr. Uwrd by and the Weatorn 

Austrian railnmda. 

m 

a 

lu 

Hearings lor valve rtefo and inun'iil-rio oollara, 
Tliuiaton. llatiil by SwIah railrtmda. Also 
tjanvoahirtt and Y urkwhlrn lUilway for looo. 
roupbng rod buHhna^ oroimheAdMi etc. 

80 

10 

i« 

78*5 

10 

11 ‘5 

ThurwUm. U»fd by Huwiian raih^oada. 

78 

10 

12 

Daimler do, Dining of bearingA of crank* 
almfu and mnurid uig-iHida of rnobir hwm* 

71 

5 

24 

Th«tnt«m aUiidard widtn metal, TJaed for 

1 waking of valvcH and ottrentric otdkn*. 

07 

22 

n 

Tlmmfcon. Uoftd by Drmt Weatern liailway. 

07 

n 

22 i 

UaiHl by French aUte railrooilH. 


Aixoyh of L»ai>, Tw, ano Antimony. 


LiHwi. ITin. Anlinumy. 

80 18 a 

77*7 as ira 

76 H 10 

78 U 15 

71*5 8 18*5 

70 80 JO 

70 15 15 

15 17 

l\ 

20 

«A I «o 12 

i% i8 18 

r| 88 85 


»iat H(iumrk«, 


UN^i liv KttutRm mllruftil ft»r tituttiUio 

imoklngH, 

QuoUmI 1»V That}iti»it AH iming thn i3mn|i«Mition of 
MAgnaliA And TAudi^nt rntnulii. 
tiHed n»r m«tAUIo iiAokiiigii liy thi^ Orltmim And 
rurl* L 51. mllmMaln. 

VIml ky Knrfchwru <ki. (ifmne») for mwlAllltt 
{liokint tif {)Ut«n} m^Ia. 

OASipboin Am«ri*mn mUwAy», 

MfitiUlk ^unkiniKA ut w^ntiio mlhm Kr»MQh 
«tit« rAilroinlii. 

1iAn0««1iir» Atnl VorkuhirA HnllwAy crnrHAgo And 

M n bMiringiii 

Itn” mnttk\ ttimlyiiml i»y Dmlfoy. 
CAmpbolh AmArfoftn mllwAynu 
IbOttMid ImringM 
Hfomii. Hoyloi m«tAl 

XiOdAbur. JfonnmlbiHios Fr#iiohAtAtArAilrottdi. 
Thurttan. Its&UAXi fftilrcHid tiompnloA. 
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Alloys of Coprsn and Tin oontainino Zino, Phobfhootb, bto. 



Oomposition 



Eeferences and Remarks. 

Copper. 

Tin. 

Zinc. 

P. 

As. 

8G 

14 




Tliurstou. Locomotive bearings. 

82 

18 


... 

... 

Lodobur. Car bearings of **Ooinpagnie du 
Nord.” 

84 

*14 

2 

... 

... 

Used by Fronoh state railroads for pieces sub- 
jootoa to alternating Motion, 

82 

16 

2 

... 

... 

Used by French state railroads for pieces sub- 
jected to circular frictitm. 

80 , 

18 

2 



Thurston. Lafond alloy. 

68 

28 

14 

• a* 

f . , 

Thurston, Margraff alloy. 

68 

28 

16 

... 


Thurston. Fenton alloy. 

89 

10 


. , . 

6*8 

Dudley. Arsonic-hronze. 

867 

12*2 


0*4 

. . » 

Charpy, Phosphor-bronze. 

84*8 

13*4 


0-46 


( lluirpy. Phosphor-bronze. 

887 

9*6 


07 


Law. Phosphor-bronze. 

87 '8 

10*8 


1-0 


Law. Phosphor-bronze, 


Bronj^iob containing Lmai). 



Copper, 


Eefuronoes and Bemarks. 


Dudloy*a ** standard ” phosphor-bronze. 
Dudley’s** alloy B.*’ 

Slide valves, Lancashire and Yorkshire Kail- 
way. 

Oharpy. 

Oharpy. 

Ordinary axlediox bearings, Lanoasliire and 
Yorkshire Railway. 

Oharpy. 

(.Jathon-bronze analysed by Dudley. 

Umney broil/, 0 ,, ,, 

Dtunarbronze ,, ,, 

Aiax bronze ,, ,, 

Pnoapbor-bronzn ,, 

n 

B. mota). Car bearings of the Pennsylvanib 
railroad. 

Dudley, Atsenio-bronse B. 

Plesko bronze' used on mdy ndlways for 
heavy bearings. 
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MiHORniiANKDUB Aw^OITB, 


ConipoHitiim. 


Ou. 

Sii. 

l‘b. 

TSu. 

Hh. 

Fd. 

6 



85 

10 


ro-2 

4*2 

14*7 

10 2 

1 1 1 

6*5 

4’0 

9‘0 

1*1 

85*5 

1 . * 

< <* 

n*i 

2*4 

5*1 

*«4 

til 

0*1 

69'0 

2*1 

o*a 

88*4 

\ » < 

0*1 

m 

0*0 

1*4 

4M’# 

1 » . 

0*7 

6 

14 

»»« 

80 

■ > 4 

**• 

6»6 

17*5 

• fe « 

77 

V i w 

« • « 

5 

«6 

«4« 

!I0 

If* 

1 1 1 

1*4. 

70 

tVf 

20*8 

i T i 


5 

10 

k * 

85 


• « X 

2 

a 

75 

4 •« 

15 

1 ,,, 

8 

11*5 

72 

If « J 

18*5 


2 

51 

57 


10 


10 

,«» 

tt* 

85* 


, 

12 

it. 

*«t 

82 

f 


78 

8 

1 

20 




R«fon*n<M% aiul Rtsmurks. 


Lmliihur, 

(JniuoliasncUul a)ui»l> 

mu ,, ,, 

'Liliifi bniiixo ,, 

HamiiKltm „ „ 

Thurntinu ttUuy. 

Ltnlubur* 

Iteuim whitn briww. 
A^Iiuimlty molal fur wurk mulw waUr. 
i7mnti!u«lL 

UHtni uii HMVtMal rtMlwivy«. Thn«« aljoyg 
art* haniur than tl»« himpk Imd alloya 
btiii will luft Htami rnvt»rMalH uf motion, 
A1 5. imtiinu motal. 

Alii. Npmnal ,, ,, 

Lainilor iiuittir*buK braitHiMi. 


niHLUHlKAFIIY. 

B»hr«ttiaml Bauoko, Thu lt»no, vf»!. iii, 

OamplKiIl, /««?. 1MI-. 

OhWfpy, •OUintrilMttion k rMiuio %\m allini^ttii VVm MMlo* 

grt^hUa^ voi. iL 

Okibftlt Hmi§ gHiifffk t(M tBiM, 

Okmiti hVm^Hn l9Q^^ vol rlvl* 

BndUyi 

0oodx^, 1808. 

EttghMi Jmtn, Im$i, tifMMak, yol vi, W\h 
X^ft^ ^ Ttniing MukHuU, 1818 

d$ la OtmmMm inkrnatmmii Hh t'mgr4$ </«r Vh^mim 

dkjkr, law* 



OHAFridii xni. 

AITTMINITTM ALLOYS. 


W H'H the introd tuition of olootrioal methods of roduoing aluminium, 
and the ooueotment production of the metal in (luantititm and at 
a prioo sufficiently low to bring it within the Hphoro of practical 
utility, attention was directed to tho alloys of aluminiiuu with the 
object of finding light alloys which would be Htrongcr and more 
easily worked than the pure mtttid. These attttntpfs, howo%'or, 
have not mot with very marked succchh, and fow of the light 
aluminium alloys have proved of any industrial value, Tlio 
reason of this is to be found in the fact that aluminium unites 
with most of tho eommou metals to form definite ohomtoal oom< 
pounds whioh oryatialliRC out in a matrix of praotiually pure 
aluminium, and wo know that alloys with conglomerate struotures 
of this desoriptiou are only useful in speoial oases. Such oom> 
pounds are formed with iron, oopper, nickel, antimony, mauganrae, 
and tin. Zinc, on the other hand, forms solid solutions with 
aluminium, and the alloys of those metals, either alone or more 
often with small additions of other motals suoh as oopper or 
magnesium, are pnuitieally tim only ones of industrial imjtortanoe. 

Alloys o£ Aluminium and Zinc. The oonstitution of these 
alloys has been studied by Ilcycuck ami Neville, Hhepherd, and 
more recently by Hosenhaiu ami Aretibutt, whoso equilibrium 
diagram for the oomplote series of alloys is repKsltioed in fig. 67. 
The mioroaoopioal examination of the alloys oonffrme the evidenoe 
of the equilibrium diagram tliat at one end of the aeriee theidllspii 
oontaining leas than 40 per cent, of slno sue afatgle lummftneote 
solid Bolntione, and they are therefore the only <»a«a oi pr|dtioaI 
importance. Those oontaining up to 16 per oent. of sine am soft 

867 17 
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percentage of idno, together with small quantities of tin and 
copper. It is lighter than Zislcon, having a specific gravity ®f 
2'96, but has a tensile strength less than half that of Ziskon, 



viz. 6 tons per sq. in. Porfocjt sornw-throads can ho out on 
the all(»y, and it is used in parts of instrumonts whore u tiortain 
amount of ductility rather than strength is desirable. 

The moohauiottl properties of the pure aluiniuiuni-zino alloys 
have been investigated at some length by Hosonhain and Arohbntt, 



and the results of their tensile tests are given in the aooompai^^iitg 
ourves. Fig. 68 gives the results of tensile tests on sand castings, 
and fig. 69 the corresponding tests on obiU castings. Fig. 7ft 







Aooountt for a large pruporUnn of the total output. For thia 
fitrpcpe the peroentage of aino Meldoiu eaneodn 20 per «ent., and by 
tut the largMt quantity of oaatiuge made omitam about 10 per 
oent. of sine. A snui.n quantity —S or H })er oont.*~of oopper ia 
uaually added, ae it itnprovM the working >]uatitiiw of the metal. 
A oommon mixture for gear oaiiea, etc., of ntotom oontaitia approsl* 
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The alloys of aluminixim and zino exhibit the phenomenon, 
common to most of tho aluminium alloys, of ageing. Although 
mtKJh loss marked than in many of the alloys, it is, however, 
noticeable that whereas a fresh casting is difficult to maoliine 
owing to tho metal “ dragging,” tho same ousting after the lapse 
of a few weeks can bo machined as easily as brass. Tho change 



appears to be aeutunpaniod by a slight increase in the tensile 
strength of tlio metal, but tlntro is no tendency towards disintegra- 
tion as shown by many of tho alloys of aluminium with other 
metals. 

Magnalium.i-~Alloy8 of alnmitnum and maguesiuna wore 
prepared by Wtihlor as long ago as lt!66, and by Parkinsoit 
1867. The latter observes tliat “none of tha magneftedii*, , 
aluminium alloys promise any praotioal service in the ^rts.” 

> Putontsd 18B8, No. 94,878. 
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Unfortunatoly, both those exporiniontors appear to have ohosen 
alloys with hiKh poreouttiKos of both motals, and it was loft 
to Dr Much to discover tliat email peroontUKOs of magnesium 
improve to a very marked degree the muuhauioal properties 
of alumiuiutn. Dr Mtush experimoiiitHl ou alloys containing 
10 per cent, of luagnesiumi but tuaguusium is an expensive 
metal, and, as a matter of fact, oumtaoroial inagnalium ooutains 
very much less than this amount. The cost of an alloy oon- 
taining 10 per cent, of magnesitim would be, for all ordinary 
purposes, prohibitive. 

Boudouard has determined the frensf>,iug>pointa of the aluminium- 
magnesivun sorius, and his results indicate the existunoe of two 
compounds oorroapondiiig to the formnlto AlMg and AlMgj, 
The existence of these cutnpouiids is eoniiriuod by the micro- 
Boopioal examination, end they have nlso boon isolated by chemical 
means) but It fas interesting to nolo that the miorosoopioal ex- 
amination reveals another oumpound oornwponding to the formula 
Al^Mg, whioh has also been isolated by uhemioal mesus, although 
its sxlstenoe is not even suggestud by the freeeing-point curve. 
It may be that thie ie yet another exatupk of mutual solubility or 
isomorphism of a compound with a metal. 

As regards the general pruportins of the alloys, those oontaining 
more than 16 per cent, of nmgnushim at one end of the series 
and those containing more than 15 per oont. of aluminium at the 
o^hsr, are all brittle, the maximum brittloncss bohtg reached with 
the alloy oontaining 60 per oent. of each motal, which can be 
crushed between the Ungers. 

It has already been stated that commetuial magnalium orm tains 
only a small paroenti^e of miigneBiain, and, although a large 
number of alloys are manufactured and si>!d under the name of 
magnalium, few of thmie, if any, appear to contain more than 2 
wr cent. Ob the other hand, they all contain a variety of other 
ostals, aoKN s^eoialiy oopper, tio, nickel, and lead. 

I!%es ifflportanM of magnatium a« aduoxidisur must not be ove^ 
looked, for it is even more readily oxidised than aluminium ) and 
its bensMal influence on iduminlum is in no small di^ree due to 
‘ts power of freeing that metal from dissolved oxide. 
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X is intended solely for castings wliere strength is of primary 
importance ; Y is used for ordinary castings ; and Z is intended 
for rolling and drawing. 

As regards alloy X it has been stated by Barnett that it 
contains 1*76 per cent, copper, 1*16 per cent, nickel, 1*60 pei 
cent, magnesium, and small quantities of antimony and iron. 
Photographs 36 and 37 show the miorostructure of this alloy. 

Alloy Y is somewhat similar in composition, except that it 
contains no nickel, but small quantities of tin and lead. 

Alloy Z contains 3*15 per cent, of tin, 0*21 per cent, of copper, 
0*72 per cent, of lead, and 1*58 per cent of magnesium. 

The tensile strength of ordinary castings with alloy Y varies 
from 8^ to 10 tons per sq. in., and that of rolled samples of alloy 
Z varies from 14 to 21 tons per sq. in. 

The alloys work well, and excellent screw-threads can be out. 
The speed of working is about the same as that of brass, and the 
tools should be lubricated with turpentine, vaseline, or petroleum. 
Alloy Z is exceedingly ductile, and can be spun and drawn into 
the finest wires. For these operations vaseline or a mixture of 
1 part stearine and 4 parts turpentine has been found suitable. 
In drawing tubes or wire the alloy must be annealed by heating 
and cooling suddenly. Slow cooling produces hardening. 

For rolling, magnalium should be heated to a temperature 
of 350*, and the temperature of the rolls kept at about 100*. 
Annealing should take place after every second pass. 

With reference to the influence of heat treatment on these alloys 
it is of some interest to note that although quenching has the 
effect of softening them, the softening is not permanent. It is 
followed by a gradual hardening which may continue for several 
hours before the maximum hardness is reached. 

With regard to the casting of alloys X and Y, the metal 
should be melted at as low a temperature as possible (about 
660*) under a layer of charcoal, and the scum carefully removed 
before pouring. In making the mould the sand should not be 
rammed so closely as for brass castings, and it is recommended 
to mix the sand with a tenth part of meal in order to allow 4|e^„ 
escape of gases. The facing of the mould should be treated with 
blaoklead, French chalk, or petroleum, and lycopodium powder. 
Metal moulds are also suitable, if polished with blacklead. 
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Ma|j[nalium oonfcraota oonsitlerahly on cooling (from 2 to 4 per 
cent,), and bo ineuro good oiiHbingH it ia neoeaaary to have a good 
head of motal and largo gatoa and runuera. 

Magnalimn oivu be aoldorod, but tho operation ia difficult on 
account of tho high oonduotivity for lusit of tho alloy tw well aa 
the difficulty of obtaining a aurfaco free L-om n film of oxide. 

In a paper road hoforo tho Amerioan Hooioty of Automobile 
Enginoora, Mr Morris Mtiohol roconunonds tho nao of magualinm 
for the oylindera and piatona of petrol motora. Ho olaima that 
the idloy is auffioiontly Htrong and lum tito additional advantages 
of light weight, low oootfioient of frintion, and higli thermal con* 
dnotivity which provonta ovor-hoatiug. 

Mugnalium ia very little ailVotod hy dilute aoida, and can be 
employed with perfect mifoty for tlie mamifaoture of cooking 
utensils and all culinary applianooa. 

It is evident that tnagnalium is eminently suitahle for a great 
variety of parptaies, and there is no doubt titat its price alone 
prevents it being more widely uswl 

Alnnadnlam Oopper.— Alloys of aluminium and oopper are need 
to some extent; but only titose oontaining snmll pereentages of 
oopper are of any industrial value. These alloys have been used 
in naval oonstruotion, particularly in Eranee; and in 1894 a 
torpedo-boat was built in thin country by Messrs Yarrow and Oo. 
for the French navy, in which the hull was composed of an alloy 
containing 94 per cent, of aluminium and 8 per cent, of oopper. 
The excessive corrosion of this alloy hy sea*water, however, has 
effeotvudly prevented any further trials. In the antomobile 
industry alloys containing 8 bo 6 per cent, of copper are some- 
times used. 

With regard to the constitution of the alloys, ^e equilibrium 
diagram oi the entire series has been given in fig. 66, and it Is 
only nsowary to say that the addition of oopper to alumiulttm 
l^ves rtoe to a hard miteotio oonsisUng of aluminium and the 
-leBfffound A]i«Oa, which hweset at a temperature sllghtiy below 
560* and separates between the orystals of pure, or practically 
pure, aluminium, The oompresslve strength is therefore 
increased, and the alloys are more easily worked titan pure 
aluminium. 

The curves In figs. 72, 78, and 74 are plotted from the results 
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of toRtH by (liii'imutt'r and ICiiwanls and ahow tho meobanioal 
proport M*H of tho alloys in iho form of Hand casthiga, rolled bars, 
and Mtlddrawn bars roHjioftlvtdy. From thetw roatilts it is 
evident that there is iio iKlvantago in adding more than 4 per 
«m»t. of ooppor, aa hoyfOKl thia point thoro ia a doeroHBt* in ductility 



ty oqnfMptmdlDg iuorMui in tenacity. The alloya do 
Jt QQ oooUng more ttmn aluminium, and they appear to 
oily unaffeoted by heat treatment below the molting* 
. .ot of tho oateotio, Pige. 75, 76, imd 77 ehow the rwulte of 
I Mrte on ohlll OMtinp atid nleo on eand oaaUnge elowly ooolod and 
qtumohed from 450*. 

An alloy under the name of Partinium hue been found <m 




Fia* Toniil© Te»t» on Sand Oiwtinp, tlowly oodwi ftm i5C>* <X 


AlmnMmn and Nickel. — Nickel ia aometimea added to 
ahimixxium as a hardenitig .agent in place of copper. It ie 
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workinp^, duralumin may also bo hardened by heat treatment. 
If the alloy is heated to a tomporaturo between 410* axid 600* and 
quonohod it renmins soft, b\it subsequently hardens, as already 
mentioned in the ease of the aluminium-magnoBium alloys. The 
maximum hardness is reached after the lapse of about forty-eight 
hours. By this means the alloy has been obtained with a tonsilo 
strength of nearly 40 tons per sq. in. 

The hardness obtaixiod by heat troatment, however, is to some 
extent removed at eomparntivcly low tGuiperattxres, and this nmst 
be taken into account in the practical applications of the alloy. 
For example, Lantsborry states that a sample of sheet which broke 
at 29*4 tons per sq. in. was boiled in water for four hours and was 
then observed to break under a load of 26'1 tons* After annealing 
for half an hour at 260” this was further reduced to 22*9 tons. 

From what has been said of the ageing, or slow change, taking 
place in aluminium alloys it is evident that this property is 
intimately connected with the aluminium itself, the moLal with 
which it is alloyed merely serving to retard or aooentuato the 
change. For example, the alloys of aluminium with iron, nit^kel, 
cobalt, manganese, etc*, in which these metals are present in 
relatively high percentages —usually from 26 to 60 per cent. — 
will, in the course of time, disintegrate and fall to pieces without 
the application of any external force. It is prolmbly ttte same 
change which causes the hardening already nertioed fp the 
industrial alloys. 

The author has suggested that this altemtion In properties is 
probably due to an allotropio change in the aluminium induced 
by the presence of impurities, and there appears to be some 
ground for this belief. Cooling ourves of aluminitim to which 
small quantities of mt^tallm impurities have been added show a 
decided evolution of heat towards the end of solidification which is 
not due to the solidification of a outootic, is not proportional to 
the amount of impurity luidcwl, nnd occurs at a constant tompora- 
ture. Moreover, Turner and Murray have shown that aluminium 
expands on Bolidifioation, a property which, although not necessarily 
proving ati allotropio change, at least indicates a molecular 
rearrangement. Whether it will ever be possible tC: 

control these changes remains to be seen^ but the brtsx>ducMoii of 
such alloys as duralumin appears to be a step in the right diteetionr 
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OHAPTIOIl XIV* 

BILVBE AND GOLD ALLOYS. 

Silver Alloys. 

Thk ftlloys of Rilvor with copper may alone bo mtul tt> have any 
iuiporUmt induHkial apiilicatioua. From time to tinio many 
other silver alloyH have boon suggeatodj but tiouo of thorn have 
taken the place of the wolhknown silvor-oiippor nlh^ys. The 
importance of these alloys may be roali«o<l when it is rcintmihoriHl 
that the averago weight of standard »nvt*r artiohm, halbmarkoti 
at the Assay Offices of Birminghatn, Bheffield, ami Chester akmCi 
during the last five years amounts to 6,037,214 iss., or nmirly 
226 tons j and it has been estimated that the amount of standard 
silver molted annually in the United Kingdom is close on 700 
tons. 

The constitution of the sHvor-copper alloys has been thomughly 
investigated by Boberts^Austen and Heyeook and Neville, and 
the results of their researches are plotted in the fre 0 eiug^;iH>int 
curve shown in fig* 78.^ It will be seen that the nietals form a 
simplo series of alloys with a outoctio containing 71*0 per cent, 
of silver ami meUiug at 778“, This la the alloy which Levol in 
1864 considered to bo a doiinilo oompuund on account of its 
remarkable homogoneity. 

The alloys of industrial importHUce are few in number, and 
contain not less than 80 per cent, of silver. The following tjublc 
shows the composition of the silver standards used for coin and 
for plate in diirorent countries : — 

* The exteat of the Use reprseentliig the eateotio hsi not been 
determined, but it ihould be much longer than that tbown in the dlegmm* 
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Sji*vku Stanjuiii^. 


Country. 


CiUMAKlVi 


Ausfcria-Hungnry 


Bel^um 

M 

Bolivia 
Brazil . 
BuIgaHa 

Doumark 
Bgypt . 
France . 

Geiinany 
Greece . 

Gmt Biitain 


Britleli Oolouiee* 

Canada anti Nowfaiuidland 
Austmiusia . , , 

Hong Kong U Btraite SetUemeiita 
HoUanl “ 


India (Burnmi CcyloUj 
ritiuB) 

Italy . 

»< » 

Japan . 

Mexico . 

Norway 

Peru , 

Portugal 


Boumania 
Bussia . 



Sweden . 
witzorland 


ainl 


Man 


5 

I riMH ti 

t* fraiirif 
t fmiM amt 

» fifitiinm 

I tHdivimio 

law 
I 

IB 

^ Irattr*4i 
* ulftlfn 

UMo!«rii 

Alt 


Pir. 


^ lima 


IWi 
KruifiAr 
m itm 

m 

IS^ lealt»t)fi« 


l» iMifa 
SUornff) 

A tlhfam 

, ft 

S atiil I kmiiM* 

iOena 

ii Ifiuid 1 1^0 

to 


too 

Bnr* 

m 

900 

9I«'« 

m 

900 

$m 

900 

i«oo 

m 

m 

900 

oas 

m 


990 

99a 

Hm 

m 


mn 

900 


900 

909*r 

m 

090 

900 

910 0 


900 

900 

m 

*«• 

900 

900 

m$ 

m 

m 

900 

199 

900 

900 



oao 

900 

BOO 

750 

900 

800 


m 

m 

850 

BOO 


9SI5 

959 


984 

888 


950 

900 

800 


BSIH*! 


9l«'« 

888 

800 

94711 
918*7 
876 *0 

928*8 

700 

m$i 

m 

m 

m 
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It will bo Botiu that an albty oini- 
taining 90 per cent, or 900 pai'tH of 
silver per thouHiuid in nioKb geiuTiilly 
adopted, while the Briliah Ktniidard 
oontaino 92*6 por oonb. or 926 piirts 
per thoiisaud. It should be nietitiitnivl 
that the oompunition of silver and gold 
alloys is seldom expressod in p(tr 
oentageo, but in jiarts per tliouHand. 
Thus aa alloy of **926 fine*' signitU'H 
an alloy ooutaiuiug 926 i»arta of lino 
or pure silver per thousand. 

Sterling silver was first defined by 
a statute of fMward I., and must 
oontain 11 os. 2 dwt. of fiua silver 
and 18 dwt. of copper to the pound. 
The word “starling’* was apparently 
derived from the hlastevlings, or wtwk- 
men who came from Germany, and who 
were the first to muka and work the 
alloy in this country. Stow says in 
his Swvey qf London, published in 
1608: “But the money of England 
was oalled of the workers thereof, 
and so the Easterling penoe took their 
name of the Easterlings, whioh did 
fiirst make this money in England in 
the reign of Henry li., and thus 1 set 
it down according to my reading in 
Antiquitio of money matters, onutting 
the imaginatiotm of late writers, of 
whom Bomu have said I'laHtorling 
money to take that name of a starro 
stamped on the Imrder or riitg of the 
penie: other some, of a bird calletl 
a stare or starling stamped on the 
oiroumfereuoe, and others (more un* 
likely) of being ouined at titirueliuaiKr 
Starling, a towne in Sootland.” 
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Tlie histui'y of thu ooinajKf Hlandanl has buou wull deacribed by 
lioburts-AuBteu, and we oannot do bettor than tjinote his own 
words ! — 

“Anglo-Saxon and Aiight-Norman oniiiB are boliavod to have 
been of the ‘old standard* 826, and a coin of William the 
Conqueror which I assayed iirovod to ho 822'8. In England 
this old standard appears tu tuvvo rmnaiiiod nneUanged until the 
thirty-fourth year of King Usury VI 1 1., whou a great fall took place. 
A still deeper fall in the slandard fineness oimuod in 1 646, and 
again in 1646, and in the reign of Kihvard Vl. It foil tu its 
lowest point in tho fourth year of the latter monarch, when the 
pound of silver coiUainod only S ox. of fine silver and 8 os, 
of liase mota), that is, tho standiird, exprosstMi dtudnially, was 
only 260. Strangely enough, this buio uoiuago was pngoeted with 
a view to seoure hy the transaction thu mtiit of £160,000, to be 
devoted to the restoration of tho siiindarti generally. Half thie 
sum appears to have been aetually obtained. As a stop to the 
withdrawal of the base money, it was almost universally decried, 
that is, the coin whioh had hoen ourront at ratos far above its 
intrinsic value, was officially reduced to a value iionrly correspond- 
ing with its standard of fineness. Dreadful distress was caused 
to the pouple, and the saddest pictures are drawn of tho flnanoial 
condition of I*:ngland at the time. In 1662 tiiu standard was 
resturud to nearly its original riohuusa, as coins oontainiug 11 os. 
1 dwt, of pure nmtal and 19 dwt. of bimu timial, or standard 921, 
were issued, and this alloy was nminlaiitad by Queen Mary. Qneon 
Eliiabeth further contributed to the restoration and maintenance ut 
the standard fineness of the cmin. A prooiamatlon, dated hloptember 
27, 1660, stated that ' her Msjesty, who, since she rame to the 
throne, neve| gained anything by the coinage, nor yet ever ooiued 
any manner of base uioniw, for this realm, had begun a coinage of 
fine money in the Tower of London.' Notwithstanding the 
effi»rte to restore the tminsge in England, the coins 
;>j|^$tilkjied In Ireland were deplorably low, as tho jwund only 
otbttdned ^ on. 18 dwt. of fine stiver, and 9 os. 3 dwt of 
copper (that is, the standard wae only 241), 

"The restoration of tho standard of the ailver begun in tffie 
’gn of King Edward "VI. Jras,' however, completed hy Qimou 
sabetb, and it hae not beeu since debeaed.” 



SILVER AND GOLD AliLOYS. 


375 


Tho standard fur platu was raisiid in IGDG to 11 02 . 10 dwL, 
or 969 fino, in cmlor t.u prevent the melrin^uf eoiim fur eouv<*rHiun 
into plate j Imt the alloy pr(»ved leas dni'ahlu and Hurvieeahle than 
the old fitatidard, to \vhi(?h a return wuh nuulo in IBS?* Both 
these staudanlH are in oxistutic^u at the prenent time, but the 
purer alloy, wbioh in known an Britannia standard from tho hall- 
mark ropreHttuliug the ^‘figure of a woman eommonly nailed 
Britannia,” is Meldoin used exeopt for vary fine work and complicated 
dosigns, where its greater softnuKH te an afl vantage. 

The assaying and hall-marking of ataudard silver is oarriod 
out at authoriKod *‘AHHay OnicoH” in Dmlttiu, Birmingham, 
Shefflold, Cheater, Edinburgh, Glasgow, atjd Dublin, aiul tho^, 
marks usually found on silver are a Lion BuHsant itjdieating the 
standard of 93B, tho initials of the maker, the ytuir of assay repre- 
sented by a letter, ami tho htualdits anus of tho plaru^ of assay. 
The horaldio arms of the difreront Assay UlHeus are as follows 
London - the head ui a loopfU’d, 

Birmingham*— an anchor, 

Shofflold — a crown, 

‘ Ohestor--*a sword between throe carl^. 

Edinburgh — a (jasUo, atid Iho stjuulard roprestuRod by a thietle* 
Glasgow a treo growing out of a mount, with a bell pendant 
on the sinister branoh, and a bi^J ou the top branoh, over the 
trunk of a tree a salmon in fesse, and its mouth an atmulet, 
I'he standard Is also represented by a thistle, 

Dublin— the standard 92S, and plane represented by a harp 
oro,wned. 

Stiuidard silver is harder than the pure meta), but Is sufficiontly 
malleable and ductile to be rolled into thin sheets and drawn 
int(» iino wire, At the sarue time it is pnrfer.fty white, and takes 
a lino polish. These projsu’ties make it iwlmirnbly suited to the 
piirpimos of coinage, Unlike must of the malleable hIImvh, how« 
over, it Is not a btitinigmmuuH solid Kolutiot», and tins is perha|m 
its greatest drawback, m it is jmmtically impt»ssiblo Ui obtain an 
ingot of uuifitnu composition owing U» l}i|uatit»u. This hiis been 
a very serious diillculty In the prmhimtun of the Standard Trial 
Plates against whiob rim oaiimge of the oountiy is ultimately 
tested. As far hack as 17H1 Jars suggested tihe use of hot 
moulds for this pur|Hmu, and la 1873 Eoberts-Austen obtained a 
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fairly uniform mass by extremely slow cooling. Mat they, in 
1894, adopted the method of casting the alloy in the form of 
thin sheets, and attempts have also been made to oast the alloy 
at a temperature very slightly above its melting-point. Number- 
less experiments have been made from time to time, but 
none of them have proved entirely satisfactory ; and the method 
finally adopted has been to cast an ingot considerably larger than 
required, which is rolled to the proper thickness and a number 
of assays made from different parts of the plate. A piece is 
then cut out of the plate where the assays are practically uniform 
and of the correct standard. A lack of uniformity is found in 
#11 standard silver, although it is, of course, not of so much im- 
portance as in a trial plate. For example, a live-shilling piece, 
whose diameter is almost the width of the fillet from which it is 


cut, is richer in the centre than at the edges ; while with smaller 
coins, such as a shilling, where two coins are out in the width of 
a fillet, the edge corresponding to the centre of the fillet is richer 
in silver than the other edge which corresponds to the outside of 
the fillet. In the case of the strips sold for silversmith^s work it 
has been stated that the average difference between the outside 
and centre varies from ‘8 to 1 part per thousand ; and where the 
alloy is to be hall-marked the manufacturers usually add a small 
quantity of silver to compensate for any irregularity in composi- 
result of this is that at the annual examination at 
the Eoyal Mint of duplicate samples submitted by the Assay 
Offices and known as the -Diets, « the mean assays show resuite 
varying from 4 to 8 parts per thousand above standard 
Stendard silver is melted in plumbago crucibles; which are 
always heated m coke furnaces. The crucibles vary in sise, 

™ it*"®® meltings, and are finally broken 

- I conducted at the 

temperature of pouring ia 
temperature the silver “blanks” are annealed 
hiob + rt, * ' ^ msufficiently annealed, or annealed at too 
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jewellery j and it is Btated that alloys low as 600 fine are em- 
ployed, btit the quantity nBPcl rnnst bo very wuiill. 

In Amorioa storlinK silver is nmniifaetiired on a large scale by 
mills making a spoeiality of roiling this alloy. The method of 
manufacture dilfers in simm rt'Kiu>et,H from that operating in this 
country. The alloy is uu'IUhI in fnniiices fired by oil, which has 
the advantage of being free from sulphur and producing no ash 
from which, in the ovont of aeoidents, the silver requires to be 
BO})arated. 'I'he furnaces consist of a oast-iion shell lined with 
firebrick, with a hole at thu t»)ttom through whUth the jot enters 
at a tangent, so that the flame dues not impingo directly upott 
the onioilile. The oruaihlos used are of graphite and bold about 
1200 ouueos, half of this heing mads up of fine silver and shot 
copper in the ciilculateil proportitms, and the other half cousistlng 
of scrap. Under ordinary o(»uditionH th« time required to molt this 
quaiitiiiy is about forty minutes, llcforo ptjuring, tho motal is 
deoxidised by adding motallio oadmittm equal to 0*0 pci- cunt, of 
the weight of tho alloy, witiolt is pushed down under tho metal 
with tonge to prevent it rising to tlio snrfaoo and burning. 

The ingot moulds are of tho ordinary patforn, cwnsisting of two 
parts held together by a ring and wedgu, and take an ingot 12 li». 
long by 10 ine. wide and 1| in, thick. After (msUng, the ingot 
is cooled in water and Uie top end fat sheared oSi it b now 
trimmed and planed to remove surfaoe defects before tolling. 

The rolling takes place in three stages. Fint, the plate is 
passed through the hreaking-down rolls, in whioh it reooives as 
heavy a pinch as possible and its thiokuess is reduced to | in. . 
The plate is then annealed in a muflla furnaoe (also oil-fired) and 
plunged, while still hot, into a piokling bath containing I part 
of eulphurio aciti to 16 parts of water, after whioh it is dried and 
examined for surfaw) defects, whicli are removed with a hammer 
and ohisel. After straightening, thti plate is then passed through 
the running-down rolls tintil its thiekness is redueed to No. 10 
B. and S. gauge, when it requires a seuotid nniii<nliiig ami pickling. 
Tlio sheet, which is now 10 or 12 ft. in length, is again examined for 
surface defects, and is then passeti to the finishing tolls j on leaving 
the rolls it is again annealed, pickled, and dried ha savdtwt. 
Standard silver can be readily soldered, end the slloys nasd fu 
the purpose are of sums impurtsnoe. H»y oonsist of silver and 
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copper with an addition of ^in«, xisnally introduced in the form of 
brass ; and where a very fusible solder is required, tin is sometimes 
added. The oompoaition of a few oharaoteristio solders is given in 
the following table : — 


Sft.VKU SotiUKUS. 



0om|)O»itiiou. 


Ilenmrka* 

Silvdr. 

Coiipor. 

Ziiio. 

Tiiu 

80*0 


6*8 


Hard Huldor for stronir joints. 


20*0 

5-0 


Miuliuiu Bolder. 

ro‘a 

22-6 

7*6 

, , , 

If 1 1 

09*4 

22*1 

8'8 


It 11 

007 

88*8 



»» M oniimollGd work, 


US’S J 

18*0 


Ordinary Bidder feu* plate work 

02*5 

80'0 

7*5 


Conmion floldor. 

02-5 

81 ‘3 

6 '2 

*<• 

Kii»y Bidder for olnvim. 

62*5 

20 -8 

16*6 

• t , j 

M i| 

62*5 

20‘B 

10*4 

6*2 ! 

Quiek-ruunintf solder. 

56*0 

87-7 

11*6 

8*8 , 

Uommou qiiiolc soldm*. 


Those solders possess the same oharaoteriatios tvs tho load-tin 
soldors already roforred to. There is a considerable range of 
tiiinpemturu between the freosing-pnints of the constituents, with 
the result that the solder passes through a semi-solid or pasty 
stage during cooling. 

No aooount of the silver alloys oau its regarded as complete 
which does not make some reference to their use in the art of 
plating. The first oommeroial plating prooess, which was invented 
by Thnnias Bolsover of Shofiiekl in 1742, developed into an 
important industry, and it was not until a hundred years later 
that "Sheffield Plate " was superseded by eleotro-plato. 

Mr B. A. Smith, the Deputy Assay Master of the Shefiield 
> ''Dffiioe, i^ves tixe following desoription of the method of 
fiMkUtaoture of Sheffield Plate. "Tho silver-plating prooess 
pursued in the mannfaotnre of old Sheffield Plate consisted in 
taking an ingot of copper slightly alloyed with brass, and a 
thinner ingot of silver finer than standard, and placing them in 
olote oontaet after their surfaoes had been soraped eleatiand even. 
The lUver was then protected by a Iffiln short of copper and a 
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sheet of iron outside that. The whole was tightly bound to- 
gether with iron wire, and the edges brusRed with a solution of 
borax to preyont oxidation in the subsequent heating. The 
ingot was next very oarofully hoated in a reverberatory furnace 
until the silver began to fuse and was soon to flow at the edges. 
It was then quickly removed from tho furnace, gradually cooled, 
and when cold oleanod in an acid solution, after which it was 
scoured with sand and water and rolled out to tho desired thick- 
ness. For the purposes of manufacture it was out up and 
hammered into tho reqvtirod shape by skilled workmen, or 
stamped in dies, tho edges and parts being soldered together at 
a moderate heat, and finally burnished by hand. In the early 
days of silver-plating tho manufacture of buttons and buckles 
was an immense industry, and Belsovor at once established a 
factory in Baker’s Hill for tho production of those and other 
small articles, such as snuff-boxes, eto. Ho oxporionood great 
difficulty in regard to labour, and at first ho, and others who 
followed him, had to accept tho sorvioes of itiuorant tinkers and 
such workmen os they could induce to come from London and 
other plaoes-men who speedily realised their importance and 
exacted tl\6u: own terms." 

“For the first fifty years tho copper was plated with silver 
upon one side only, but Bolsover’s apprentice, Joseph Hancock, 
improved upon the process and plated both sides, at the same 
time' extending its application to large artioles, such as tankards, 
coffee pots, eto. Tin was at first applied to hide the raw edges 
of the copper, or brass, but in 1784 George Oadman, in partner- 
ship with Samuel Roberts, substituted' solid silver edges and 
mounts, thus not only hiding an obvious disfigurement, but also 
protecting tho parts most exposed to wear. The earliest 
forms of Slmdleld I’lato arc gomsmlly plain and simple in design, 
but Isrter the dasigns wtsro pionssi like the silver-piorood work 
of about the middle of tint oigbl(‘(niith century. As a general 
rule, Sheffield Plate simply roprodueod tho pattorna of solid silver 
in use at the time.” 

Another process known as “ Olose-platiug " was carried on 
simultaneously with Sheffield plating, and was used for tte 
■pkdng of steal articles, such as fruit-knives and oandle-snuffers, 
which often aooompanied oandlestlcks and trays of Sheffield 
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Plate. In this process the steel was carefully cleaned and then 
binned by dipping into molten tin. It was then covered with 
thin silver foil, which was beaten, or “ closed,” over every part by 
careful hammering, and when this was completed a hot soldering 
iron was prosaod over the whole surface, thereby molting the tin 
which alloyed with the silver and soldered it to the steel. 

Apart from the silver-ooppor alloys the only silver alloys of 
any imporbanoo are those with cadmium, platinum, and tin. 

Silver-cadmium AUoya. — The alloys of silver and cadmium 
have long boon known, and many yeats ago a company was formed 
with the objeob of eleotro-dopositing an alloy of silver and cadmium 
in place of pure silver on account of its superiority as regards 
tarnishing. The attempt was unsuccessful for various reasons, but 
chiefly on account of the dilHoulby of obtaining a uniform deposit. 

In 1004 Rose drew attention to the fact that silver is capable 
of dissolving oadmium to the extent of 20 per cent, to form a 
homogeneous solid solution, and he suggested that the standard 
trial plates might with advantage be replaced by a silver-cadmium 
alloy on account of its uniformity in composition. Trial plates 
were therefore made, and it wtis found that they wove perfectly 
uniform in composition, and that the cadmium in no way inter- 
fered with the ordinary methods of assay. Some difficulty was 
expiirionood iu melting the alloy on account of tho volatility of the 
oadmium, but tho method fltially adopted was as follows Molten 
silver at as low a temperature as possible was poured on to the 
melted oadmium oovoiud with charcoal and contained in a large' 
oruoible. By this means the loss of oadmium was reduced to about 
0'16 per cent, of tho weight of the alloy, and was fairly regular. 
The loss on remelting the alloy only amounted to 0’08 per cent. 

Oadmium, however, is not only of use in tho preparation of 
standard trial plates, but In other countries is extensively used 
ha the manufacture of sterling silver, owing to its valuable pro- 
javtitW M ft deoxldiaer. It inoreases the malleability and ductility, 
fHifeats blistering, and is said to improve the whiteness of the 
alloy. Moreover, an excess of oadmium is not very material, as 
It alloys perfectly with the metal without injuring its mechanical 
properties. An American authority statee that oadmium is used 
by praotioally every manufacturer in the United States, and he 
gives P'6 per oent. as the ufual addition. 
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saver-platinum AUoye.— These alloys are used to a limited 
extent, but are of sufficient importance to demand a brief 

description. . . ^ 

The preparation of the alloys (hflKOilt* ownm 

the high melting-point of the platintua ; but ftUoyiriif 
■ effected by gradually adding the platimim in tlw form of s|Kiiig« 
to the molten silver, tho whole hoiiig tlioroiighly by 

stirring. The resulting alloy is granuliitod and ramwlttsl to en- 
sure uniformity of composition. 

The most important of tho silver-plat. immi hIIoj-m are wwsl 
by dentists and sold in the form of wire, alieol. ami perfm atwl 
under the name of dental alloy. They are iiiunh iiwre durable, 
and do not blacken so readily as a sUvo^eopI^er alh»y. There are 
in the market two qualities, tho first eonlainlug «? pr roul. of 
silver and 33 per cent, of platinum ; and tho ettnlaiumg 

76 per cent, of silver and 26 per oent. of plalimim. Tim 
occasionally contain a small quantity of eoppr. 

Silver-platinum alloys are also said to be iiswl by ltirmiii^;b»m 
jewellers, but it is priffiahle that tho advam-e in dm {ue e «*< 
platinum has been tho means of elmokiiig tlmir use. These slhiy • 
contain from 2'6 to 86 per cent, uf plaliimm. 

An alloy used for soldoring platinum coiisistN of 78 pr wait, of 
silver and 27 per cent, of platinum j and an alloy oontaialng 81 
per cent, of silver and 38 pet cent, of platinum ta amidoyed «a 
the standard of electrical rwietanoe. 

Alloys of Silver and Tin. — Alloys of those metals aw iargoly 
used by dentists as the basis of amalgams for stopping t«>«’ih. 
They come into the market in thu form of dlinp or shavings 
containing from 40 to 60 por emit, of silver, and arc iniMd wilb 
meroury immadiatoly boforo use. Tho amalput ttuis fonoed 
beoomes a hard masH within a fow htitini. .Smidi ipiuntitios of 
other metals, usuidly gold, plafliituii or i-iqqior, not kid rating 
6 per cent., are ouoHHioniUly iiddod to ihx idloy m oidKt 
improve its quality. 

As regards other alloys of silver, thm* with siiicnnil jUuminium 
have had some attention dovotod to tiiem« but m far tlwy leave 
not^a^ined any degree of indintrial importaaM. 
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Gold Alloys. 

The important alloys of gold are those 
with copper and silver, and of these the 
gold-copper alloys are by far the more 
important, on aoconnt of their employ- 
mout as alloys for coinage. 

The constitution of the gold -copper 
alloys has been at\idiod by Roberts- Austen 
and Rose, and the frccziug-point curve 
of the sorios as determined hy them is 
shown in fig. 79. It consists of two 
branches meeting at a point roprosenting 
the eutectic, which contains 82 per cent, 
t)f gold and ;noltH at 905". The round- 
ncHS of the ctxrve suggests that the metals 
are to a considerable extent soluble in 
one another, and the microscopical' ex- 
amination confinuH tliis view; but the 
degree of solubility- has not yet been 
ascertained. Standard gold, however, is 
a homogoueouH solid solution of copper in 
gold, and posscHKCS the crystalline stfuc- 
tnre of a pure metal. An old-fashioned 
Hystom of expressing the fineness of gold 
alloys in ** carats and grains, or carat 
grains,” is still in use in this country, 
and rccpiiros soitm explanation. The 
Arabic word Kyrat and the Greek Km^or 
Hon appear to be the same, and were 
applied to beans or seeds which were 
used as weights. The word seems to 
have been retained after the introduction 
OjP standard weights, for we find a small 
Greek weight known as a from 

which our oarat, or ^^karrett,” as it was 
formerly spelt,. derived. The oarat 
contains 4 grains, and |>ure^oId is talcen 


so that, to take an example, IS-oarat gold contains 
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^ of pure gold, or 760 fine. This syetem wftB reUlnod in Ui« 
Mint until 1882, when it was roplacod by thn di<oiiiml or “ (MMrt4 
per thousand” system,' but it is still oonuHonly employed by 
jewellers and goldsmiths. 

In following the history of the gold ooitiugu in tiiiH utnmlry we 
must again quote the words of thal, uminont antliorily, the lete 
Sir William 0. Roberts-AuHteu. Ho Logins with tiio ywir 1367. 
“the 4l8t year of King Honry 111., wlin tniMlo a ponny of the 
finest gold, which weighed two storlings. This, im Utidiiig iMiintM 
out, is remarkable as the first ooinage c»f gold in fchu kiiigdota, end 
it is extraordinary that it took place at the height of the kiitg'a 
distress for want of money. The next step of ImjHirtannn* wm 
taken in 1343, when King Edward III. coined, nr m 

ooinage of the standard 994 '8 (23 carats, grains, and grain «f 
alloy), which was referred to by later writoran* tlu’ ‘old »t.»rliitg ' 
or ‘right standard' of England; and Lowndes, ipinting ih» U,v! 
Book of the Exchequer, says that ti»« | grain of alloy n.ighi 
either of ‘silver or copper.’ Alth(»ugli those were jint, a» 


considered, ‘the first coining of gold in Ejtgland.' the 
Edward III. were of remarkable beauty j and it wss Msserted tliiit 
they were struck from gold prepannl by oocnll aid, by lh» 
known alchemist Raymond Lully, who had a laboratory In th* 
Tower of London. There ate, however, obrono%ioa] diifieitiUMi 
_ in the way of this explanation of the origin of the pratdoiu tnatol 
No further change was made in the standard ftnenuM of the «.|.l 
com until the year 1620, when King Henry VIII, inlmdiie.-,! „ 
second standard, 910-66 (22 oarats), the prof«ss«i objet 
prevent ^e exportation of the coin to Flandem. The fnrlW 
modification of the sUindard, wliioh was otfecteil in 1643, wmt 
preceded by a kind of soiraitific research, ns tim King <ini»red the 
officers of the Mint to prepare, wlmnever tlmv slMedd 
directed by the Privy Oouneil, alloys to valim of ..o,. 
m weight, of such finoucssas should Im d.-vwd f.v j}.! ,,,,1 
Counod, m o«ier that the general natnro of alloy.. 
used an foreign realms, might the msmer oom« ui his 

J h n Wentiiiw, d.M 

tew, the gold was brought down to 888'S (30 mmt*). King 
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Edward VL improved the fineiioas of the gold currency in 1549 
and in 1652 an indenture wae made authori^jing the coinage of 
gold both of the old standard 994'8 and of the standard 916’66. 
Queen Mary issued coins of fineness 994*8. Queen Elizabeth 
struck coins of both standards. The coinage of gold of the ‘gold 
standard’ 994'8 was abandoned in the 12th year of King 
Charles L, and sinco that tiino the standard 916*66 has alone 
boon issued. Coins made of tho old standard previously to that 
period continued to be current until tho year 1*782, when they 
were withdrawn from circulation by proclanuitiou.” 


Qonn STANOAnns* 


Oounlvy, 

Donoiuination 

Fineness. 

Austrkdlmigftvy , . 

Ducat 

oaa 

H II * * * 

20 and 10 urowuB 

000 

Belgium < * . . 

S20 and 10 fmntm 

000 

Denmark * . « 

20 and 10 kronur 

900 

France , • « * 

All 

900 

Germany .... 

All 

900 

Great Britain , 

Sovereign 

910*6 

Holland .... 

Double ducat 

98B 

i» • • * • 

Ducat and 10 iloi'in 

900 

Italy ..... 

All 

900 

Japan .... 

»»* 

... 

Norway .... 

20, 10, ami 5 kronor 

900 

Purlugul .... 

All 

916*0 

EuHHfa .... 

All 

900 

Sweden .... 

1 All 

900 

United Stairs . 

All 

900 


From the ahoVe table, giving the oompusition of the gold 
coinage Alloys tised in diflbn^nt countries, it will be seen that the 
statidard most generally adopted, vlss* 900 fine, is somewhat lower 
than in this country. ^ 

Standard gold If harder than the pure metal, but is extremely 
malleable ap4j^i3lto and admirably suited to the purposes of 
Golnagei MbteVver, the alloy being a homogeneous solid solution, 
there is not the difficulty of preparing standard trial plates of 
uniform confpoeition.as in the case of standard silver. 

The melting of standard gold Is carried out in plumbago 
crucibles heated in coko-flred furnaces similar to those used in 
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those most oommouly used and hall-marked are 
22 carat or 916‘6 fine, 18 carat or 760 fine, 
16 carat or 624'6 fine, and 9 carat or 876 
fine. The first of those, viz. 22 carat, is tmi 
soft for hard wear, and is almost aMlnsivoly 
employed for wedding rings and those parts of 
rings which hold tho prooious stones and wUioU 
have to be exceptionally ductile. Tho alloys of 
18 and 15 carat are used in high-class jewellory, 
and the 9-oarat alloy is twod for cheap work 
In addition to those a number of alloys con 
'tainiug silver in addition to tho copper are uhmI 
for jewellery, and in some oases iron is added. 
An alloy containing 760 of gold and 280 of iron 
is mentioned by sovoral writers tus “ blue gold.” 

Ck»ld-Silver Alloys. 

Although the alloys of gold anti silver mui 
hardly be said to have any great indiistriHl 
value, they are of coasidorahle interest from a 
theoretical point of view. It may ho menltuniKl, 
however, that these alloys are uss<] to some 
extent in the mauufaoture of jawetlery, the 
oolonr being paler .than in the case of the oorre 
spending copper alloys. Until oompamtlvcly 
recently the sovereigns struck in Australia si 
the Sydney Mint were alloyed with silver In* 
stead of copper. 

The constitution of the gold-silver alloys has 
received the attention of many nwitallurgists, and 
more partioularly Gautier, iioberts- Austen, ilcso, 
Erhards and Sohortel, who all agreo that tho 
metals are isomorphous and form hoinogtoiootiii 
solid solutions throughout the wlmlu sorit’s of 
alloys. The freezing-point otirve detoriMitiod by 
Boherts-Austen and Kose is shown in fig, jg), 
and it will be noticed tliat tho lowering oS the 
.freezing-point of gold by the addHten trf 
is very slight until 86 per cent, is readied. 
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It follows from tho oonstitxition of those alloys that they will 
bo uniform in composition, and sinoo 1902 a gold-silver alloy has 
been nsod at tho Mint for the purpose of assay checks in place of 
fine gold. 
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CHAPTER XV. 

IRON ALLOYS. 

Ijsf attempting to deal with the alloys of iron oar attention is 
naturally directed to steel, and the question arises, Is steel an 
alloy ? Many years ago Matthiessen declared his belief that steel 
should be considered as an alloy of iron and carbon, and his opinion 
has been amply confirmed by modern research. But here we are 
face to face with another difficulty, for the study of steel has 
received so much attention, *and is in itself so vast a subject, that 
it would be obviously impossible to compress it into a part of a 
book on alloys. On the other hand, no book professing to 'deal 
with the subject of alloys can possibly ignore the alloys of iron. 
A compromise must therefore be made, and in the following 
chapter an attempt has been made to deal briefly with the 
essential facts and to supplement these with a bibliography 
sufficiently ' complete to form a reference to the important work 
dealing with the subject of steel and cast iron. 

Iron and Carbon. 

The constitution of the alloys of iron and carbon is somewhat 
complicated by the fact that iron is capable of existing in at least 
three allotropio modifications ; and it is necessary, before dealing 
with the alloys, to consider the changes which may take place in 
the iron itself. Roberts-Ansten • showed that- if a cooling curve 
is taken of the purest iron obtained by electrodeposition, two 
remarkable irregularities in the curve, due to an evolution of 
heat in ,;eaoh case, occur at temperatures of S95" and - He . 
considered^ that these evolutions of heat Were due to ^lotropio 
changes in the metal, and this view has been supported by the 

€!R? 
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fact that there is a profound change in the physical properties of 
the metal at these temperatures. Osmond first described the three 
allotropio modifications as Alpha iron, Beta iron, and Gamma iron, 
and this nomenclature is now universally adopted. Alpha iron 
(or o-irou) exists at temperatures below 766°, Beta iron (or ^-iron) 
between 76^6* and 896°, and Gamma iron (or y-iron) above 896°, i 

The physical properties which have received the most attention, 
and which servo to indicate the molecular changes taking plaoain 
imu at different temperatures, are magnetism, dilatation, electrical 
resistance, and thermoelootrio behaviour. Those will be referred 
to later, and it is only necessary to mention here tlj^hey fully con- 
firm the existence of throe modifications of iron. Tfiie crystalline 
oharaoter of the three modifioatiiuus hosalso boon studied by Osmond, 
who concludes that theyi all crystallise in the cubic system, but that 
while a- and yd iron both crystallise in cubes and are capable of 
feyrming isomorphous mixtures, y-iron crystallises in ootahedra and 
does not form isomorphous mixtures with yd-iron. Osmond observes 
that if the allotropy of iron were not conclusively proved by other 
evidence, it would not be revealed by its crystallography. 

If, now, a cooling curve is taken of an iron containing, say, 
0‘2 per cent, of carbon it will be found that the first evolution 
of heat is very much leas than before, and occurs at a much 
lower temperature, viz. 826°, while a third evolution of heat 
is noticed at 690°. Further additions of carbon lower the tem- 
perature at which the first evolution of heat takes plaae, until with 
0'87 per cent, of carbon the first two evolutions of heat merge 
into one at 766°, while the third remains constant at 690°.* Still 
further additions of carbon again lower the temperature at which 
the first evolution of heat occurs j and when O’ 9 per cent, of carbon 
is reached only one evefiution of heat is noticed at 690*. These 
three evolutions of heat have been named by Osmond Aj, Ag, and 
A«i Ai being the phange which occurs at 690* and which is also 
as the mxdmtnM point ; A,, the change which occurs 
766* in the cose of pure iron and 600* in the case of 
iron containing 0‘9 per cent, of carbon; and Ag the change which 
occurs between 896* in pure iron and 766° in iron oontaining 

* Many attompta have reoently been made to disprove the existenoe of 
y9-iron, but ei yet the evlfieuee has been tmaatis^toiy and wholly insuffloient 
tp et^port the okiffis put forward- 
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0-37 per oeni of carbon. The eamo points are ohmrrwi on 
heating steel as well as during cooling, but they do not o«ur 
exactly at the same temperatures ; and in order to distinguleh the 
points observed during boating or cooling thn lottora o (ohauflknt) 
and r (refroidissant) are added ; thtis the ovolntUam of hunt dHring 
cooling are Atj, Ar^, and Arg, and tho corroHponding pninUi during 
heating are Aoi, Aoj, and AOg. Tho influenoo of eitrlK.« u|«»n the 
mn)Annl<i.i' ohangos taking place in hU)o 1 can boat bo nVow'rvnd by 
submitting to a miorosoopioal oxaniiimticin tuimpliai of aUud whirh 
have been heated to various temporatnros ami ondtlonly 04K»lml by 
quenching in water or mercury, in order to ft* an far an jatooibJo 
the structure which they possess at the teraperaturo at whicli tliey 
are quenched. Let. us consider, for example, a aloo! oonlaining 
0‘4 per cent, of oearbon. If such a stool is quonohwl at a toiiipora 
ture above Arg its struoture will bo found to eniwiat onitrely of an 
aoicular constituent, of wliich photograpli 1, No. .*1, rrproarnta a 
typical example, and which ia known aa martensite. ’11, f liiKlintit 
powers of the miorosoopo are unable to rcsnlvo lliie ntatmul «»»!, 
the needle-like struoture into dilforent ountiNtiH'nta, ami it w 
evidently a solid solution of carbon In iron, It in a ban], briUia 
substance, and is the chief oonstituoni of hardened steeia. 

If, now, the same steel is quenched from a temfiorsttifa iMwatin 
Arg and Ar^ the same constituent will be obwMrved, but Is thto 
ease it is not the only eonstltuent, but oooum in patohas aurrounded 
by a stmotureless and much aotter material wbhib ia pmetiiMlly 
pure iron and ia deaoribed aa Again, tbt aama et««l 

quenched at a temperature below Ar„ or aHowed to cool oatumtty. 
will be found to possess a different atruotura. It aliSi nwtiiitM 
two constituents, but the martensite has undergone a ehaog*. 
The carbon is no longer dissolved in the iron, but hea eeparelMi 
out as carbide of iron, FogO, and hae formed with a pert of Ihe 
free Iron a constituent ptissosMing tlie typiml strnrturo of a 
euteotio as shown in photograph 7. This’ c..i,«t,tur,a ts Jn 4 ..a« 
as pearlite. It ia the euteotio of iron and carPido of i»,.w 
(or cementlte), and contains 0*85 j>er oeiil, of mrlsm. It w 
much softer than martensito, and ia ohamotarietie of all ehi«|y. 
cooled steels. Steeia oontainiug leaa Uu« 0*80 par iwt. of 
, opnstat of grains of pearlite emboddod in a groeod ib«m of forrile. 
and are sometimes dcsoribed a« bypo-antoqtio, wbilo mm - 

19 
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taiuitig move tlian 0-85 pur coufc. of carbon consist of massivs 
uemoiitito ombodded in a gvouinl niaijs of penrlita and are known 
as hypor-ouwotio. Ilypor-outootio stools quenched at tempera* 
t\ireB above Ar^ consist of imwatvo oomentite embedded in 
luartonslto; while in hypo-outeotio steels the quantity of mar* 
tunsite varios and is groator with tbo highor quenching tempera* 
turoj from which it will bo Koon that martensite does not 
ptisauSB a deduite uumpusUiuu, but is a solution of variable 
uouooutration. 

The aooompauying diagram (fig. HI), which is due to Mr. 
Sauveur, shows tlui eompusititiii of a number of steels quenched at 
lUfforont tamporaturos. Thu etfoct of carbon upon iron may be 
atunmod up in the following laanuer. Carbon to the extent of 
O’SB per oont. is soluble in y-iron, and towers the temperature at 
whioh the molamilar change from y to /S- and a-iron takes place. ■ 
It hi, however, not solubla In a-imnj and when the moleoular 
ohanga dow take place it is aucotnpauiud by the separation of 
oarlfide of iron in the form of a eutuotio. 

The complete oquilibrium diagram of the iron-carbon alloys 
WfUi plQttorl by ttooaoboom from Itolwrls-Austim’s resnlts, and has 
been tjoiifirmed, witli only slight mod iticat ions, by Carpenter and 
KouHng. Tim curve, wliioh is Honmwimt complicated, is shown in 
the aooompanyiug diagranj (fig. 82), and in order to make its 
meaning oloar we will follow the ohaugea whioh occur during the 
oooling of one or two typical stools. Take first the case of a steel 
oootaining 0-2 p<'r cent, of oarbon oooUng down from a molten 
oqndatloo. The first break in the curve occurs at a point in the 
Uiui AB when the metal begins to solidify, and a few degrees lower 
(represented by a point In the lino ba) solidifioation is complete. 
The mass now consists of a solid solution of oarbon In y-iron 
(martensite), and no further change ooours nntU the line <30 is 
mfikfA aft about 820* At thie point pure iron in the ^ 

. iiwmJinitiw , winitttiiiet onA the oarbon being oonoentrated in the 
mnitiitiing martensltei l%e next point ooours when the line MO 
is reached at 776* (At,), when the free fi‘koa obanges into o-iron 
and becomes magnatlo. The last ohange occurs when the line 
PSK is reached at 690* (Arj), at whioh temperature the martensite 


bmJai down Into pearlite. , , . 

idle pobqt Ar^ has Just been desoribed as the last 





nui-hnn . 1 -20 Tjei cent. Carbon, S’C per oant. 
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iH duo to the tuho in which tin* ooniing t»h«N jilaoo, ami is not 
oommotiid witli tlic steel itself. 

The ohan><es eeovirriiig in a steol (joHtainiug 0‘ft per cent, of 
carbon are similar, exnepl. (hut a iren separateM tlireatly from 
martensite at abwjt 7150’ without the pielimiitary separation of 
/S'iron. 

The ease of a steal eimtaiunig I per eoul. of carlMin is somdwhat 
difforont. The swIi»lilli>ji(H»H of the tiutlnl estemis over a range of 
nearly 100*, that is (o say, the tUslanoo Irntwiwn the points on the 
lines AB and Im. As bi foro, tho soliil mof^d eonnists of martiniaite ; 
but when the lino HK is reachiHi nl a tomporafuro fif hOO’ massive 
oemantite separates out in iho marloHsito. At fiOO’ tho marten- 
site breaks d»w» into pearlile, ami liie testilt eonwists of massive 
oementite •mbodded in a ntairis of iK'iu lito, As a last example, 
let us ooosider the osso of an alloy mttaitnng 3 per oent. of 
oarbon. At 1240* niarteimile lu gins to sttlithfy, but as y iron is 
only oapabls of dissolving alamt 3 per wnt. of oarlmn to form 
martensite, it follows that tho srparaiion of niartmisito is accom- 
panied by a oonoentraUon of carlsni in the inolhor liipiur. This 
oonoontration continues until tho oarhon ron'lms 4 '3 per cent., 
when tlio euteolio of martensite and graphilu aepamUw. As the 
temponaiiro falls holow 1000* jwrt of tlte graphite Again enters 
Into cunilunafion, with the fnrittatiou of cmnotitito, an that the 
mstsl oonsiats of ocmentito and (nnrtpic*it« | and at (190* the 
martensite breaks duwn into {wartito, tho final rcHidt being 
oemsndta and paariiie with free oarlsan or graphite. When 
more than 4'S }Kir cent, of oarbon is prooont) graphtto is tho first 
eoutltn«)t to separate out. 

The miorosoopioal appearance of the important oonstitnenta of 
steel bae already been desoriboil; but other oonslilncnU, or 
p«diap it iroold be more oorreot to say miaiifiuntions uf tbeaa 
(xmiMltMiiai ba pradnoed by thenuid trmtni»nt» anti they 
'4 pMfk ba briiSy deaoribed. 

Hbraos^ta fat an intermediate or tranaitionai produot whieh it 
formed during the traneformstlon of martensite into partita, 
and is found in steels which have been quenched at (Jte ordioid 
tonperature Aty It is eofter tiuui martensite, and owing 
foot that it omi only exist within a very limited mnge « 
it is eeidom met with, j^botoampb 42. which ' 
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ig by Osmond, shows the appearanoe of troostite under the 
microscope. 

Sorbite is also an intermediate formation between martensite 
and pearlite, but is more closely related to pearlito. It has been 
described as “ iin-segfogatod poarlito,” or pearlite in whioh the 
separation of ferrite tiiul oomoutifco is imperfect owing to rapid 
cooling. Sorbite is found in siiiall samples which have been 
cooled in air, and in larger Biimplos which have been quenched in 
water towards the end of the rooiiloHoenoe, or quenched in molten 
lead. It is also produced by heating martensite to a blue colour. 
It is hardly possible to define tho intermediate formations between 
martensite and pearlite, as there appears to bo a gradual change 
with no sharply-doflued limits thnmgh troostite, troosto-sorbite, 
sorbite, granular poarlito, and lamellar pearlito. 

Austenite is found in stools oonttunhig more than 1'2 per cent, 
of carbon which havo boon queuohcil from a temperature above 
1000’ in water cooled to sore, or bettor, in a freezing mixture. 
The appearance of iiusluuito is shown in photograph 1, N'o. 4, 
the lighter ounstituent being austuiiite iind tho darker martensite. 
It is softer than martonsite, and, owing to the faot that it is only 
stable at high temperatures, Ranm duptner has suggested that 
it may be a solution of elementary carbon in iron. 

As regards the micruscopioal methods of detecting the con- 
stituents of steel and their distinguishing oharaotoristios, a few 
words may he useful. 

The atruoture of ordinary steels may be made apparent by 
etching with nitric aoid, but it is diffionlt with so strong a 
reagent to regulate tlie degree of etching. Many years ago 
Osmond reoominoudod an aqueous extraot of liquorice root as an 
etching reagent imud in tlio following way A piece of smooth 
parohniout was maistiUK’d with the liquorice extract and a small 
quantity of prooipilatcd fidciiitn sulphabo uddod. The specimen 
was then rubbed vigcroimly \iiiiin the moist parchment until the 
structure was revonlud. Tim calcium mdphatu serves tho purpose 
of a polishing puwder, and keeps tlio surfueo-of the steel clean. 
This is the oomhiued polish attack,” as it is eometimea called. 
Subsequintly Osinund showed that a 2 per cent, solution of 
^ ammonium nitrate might be used in place of the liquorice extraot, 
and is more oonveuieut on account of its uniformity. By either 
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compounds, such as the coppor-tiu and coi)pe)>y*ino alloys, the 
conductivity decreases rapidly until the point of saturation is 
reached and then takes a sudden bond and forms an L-shaped 
curve. Solid solutions therefore possoss a maximum oleotrioal 
resistance, and all the alloys in tho table on p. 322 consist of single 
homogeneous solid solutions. It is fortunate for the oleotrioal 
•industry that the constitution which confers upon these alloys 
their high electrical roMistanco is also tho constitution which 
enables them to be drawn into wire. 
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